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DISTRIBUTION 
DESIGN OF REINFORCED CONCRETE 
BRIDGE FLOOR SLABS 


OF WHEEL LOADS AND 


Reported by H. R. ERPS and A. L. GOOGINS, Associate Highway Bridge Engineers, and J. L. PARKER, Highway Bridge Engineer, Bureau of Public Roads 


LABS for highway bridges are designed to support 

wheel loads in addition to the distributed dead 

loads. The methods now in use for estimating the 
influence of distributed dead loads are considered 
sufficiently accurate and will not be discussed in this 
study. The problem of stresses in slabs contributed 
by wheel loads is discussed in a paper, ‘‘Computation of 
Stresses in Bridge Slabs Due to Wheel Loads,” by H. M. 
Westergaard, published in the March 1930 issue of 
Pus ic Roaps. 

In order to simplify design computations and provide 
for certain conditions not covered by the Westergaard 
formulas, there are advanced in this analysis formulas 
that are a modification of the Westergaard formulas. 
These formulas give results nearly the same as those 
proposed by Dr. Westergaard and will be referred to as 
the modified formulas. 

Many of the formulas included in this paper were 
first developed by the late E. J. Budge, Associate 
Highway Bridge Engineer, Bureau of Public Roads 

Before any bridge floor slab can be designed, the type 
of live load and its manner of application must first be 
known or determined. The truck loading shown in 
figure 1 represents the loading considered in the subse- 
quent analysis and design of reinforced concrete bridge 
floor slabs. This loading is the same as that shown in 
the Standard Specifications for Highway Bridges of the 
American Association of State Highway Officials, 1935, 
except that each wheel load is assumed to be applied 
to the slab over a circular area. 

Two types of slabs will be considered, differing in the 
imanner In which they are reinforced as follows: 

Case I.—Slabs with main reinforcement parallel to 
the direction of traffic. 

Case II].--Slabs with main reinforcement transverse 
to the direction of traffic. 

The Westergaard investigation did not consider the 
effect of reinforcement, but was based on homogeneous 
and isotropic slabs, and the above and subsequent 
references to reinforcement under cases I and II are 
merely for the purpose of indicating the direction of the | 
slab spans and the position of wheel loads on these spans. | 


When considering slabs with reinforcement parallel 
to the direction of traffic, the position of truck loading, 
for maximum moment, would be with the rear wheels 
on the center line of the slab for all spans less than 26.5 
feet. This study is limited to spans from 2 to 25 feet, 
so the critical position of load will be with rear wheels 
on the center line of the slab. 











a “ RCULAR AREA OVER WHICH WHEEL LOAD IS 
ONSIDERED UNIFORMLY APPLIED TO SLAB 
0.18 F .4w *% DIAMETER C OF CIRCULAR AREA ASSUMED TO 


BE 1.25 FEET FOR BOTH AH/-15 AND H-20 LOADING 


> @ 


FiGuRE 1.—Dr1aGRaM oF Truck LoapDING. 

When considering slabs with reinforcement trans- 
verse to the direction of traffic, the study will be limited 
to slabs with spans from 2 to 10 feet. With slab spans 
of such lengths, the required roadway width is obtained 
by placing several slab spans together, so that there 
will be interior and exterior spans. On exterior spans, 
the maximum moment per foot width of slab will be 
produced by one rear wheel on the center line of the 
slab, because two wheels at 6-foot centers cannot be 
placed in position to give a greater moment on spans 
of less than 10.25 feet. On interior spans, the maximum 
moment per foot width of slab for the assumed loading 
will be produced by one rear wheel on the center line of 
the slab for spans less than 5.14 feet and by two wheels 
at 3-foot centers placed in position for maximum 
moment on spans from 5.14 to 10.25 feet. 


Part 1—WESTERGAARD FORMULAS 


[he following Westergaard formulas for determining 
the live load bending moments in slabs were used to 
develop the modified formulas advanced in this analysis. 

Slabs freely supported.—¥or slabs freely supported, 
the moment for one wheel on the center line of the slab 
(the center line of the slab is a line at the center of the 
slab span and parallel to the supports) is as follows: 


17995—-37——-1 


PS 
2.32 S+8 C” 
M,;=maximum moment, in foot-pounds per foot of 
width on the center line of a freely supported 


Mo:= __Equation (66) ' 


1 Equation numbers refer to those given in the article ‘Computation of Stresses in 
Bridge Slabs Due to Wheel Loads”, by H. M. Westergaard, Pusiic Roaps, vol. 11, 
no. 1, March 1930. The symbols s and c, given in lower case in the Westergaard 
article, have been changed to S and C, respectively, in this report. 
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slab, produced by a single load 7? on the center 
line of slab. 

P=wheel load in pounds. 

S=effective design span of slab in feet. 

C=diameter of circle over which load P is considered 
uniformly applied to slab (to be taken as 1.25 
feet for this study). 

Moment for two or more wheels on the center line of 
freely supported slabs is considered next. Equation 
(66) gives the moment /,, produced by one load P on 
the center line of the slab. If a second load, P;, is 
placed on the center line of the slab at a distance y in 
feet from load P, the maximum moment per foot width 


of slab at load P will be \4,,+-M/,. 


Ty 0.2125 P 
5 


ams 


1 " ° -— 
- Equation (74) 
° Tv 
Ssinh -— 
: S 


A 


M,=0.21072 P, log;) coth 


M,=the increase in moment J, caused by an addi- 
tional load on the center line of slab at distance 1 
from P. 
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EFFECTIVE DESIGN SPAN, S-FEET 


FiagurrE 2.—BENDING MOMENTS PRODUCED BY TRUCK LOADINGS, 
FOR SLABS HavinG MAIN REINFORCEMENT PARALLEL TO THE 
DrIREcTION oF TRAFFIC (Case I). (VALUES oF Mo, AND M'p, 
FOR Case II ARE THE SAME AS FOR Cask [, 


When considering slabs with reinforcement parallel to 
the direction of traffic, the number of loads that can be 
placed on the center line of the slab depends on the 
width of roadway. When more than two loads are 
placed on the center line of the slab, the maximum 
moment per foot width of slab will be M4),+2M,. 
For slabs of less than 25-foot span, loads whose y dis- 
tance from P is more than 9 feet produce very small 
values of M,. Therefore, for computing the maximum 
moment per foot width of slab, two trucks will be con- 
sidered sufficient for all widths of roadway. 

The maximum moment for two wheels placed in the 
direction of the span on freely supported slabs is as 


follows: 
Mo,+4M,=maximum moment per foot width of slab. 
ot 72 
AM . aed? f ee 
—p * =().21072 logy, 5 Equation (72) 
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Figure 3.—CuRVE SHOWING VALUES OF AM, 
ADDED TO Moy, OR Mo, TO OBTAIN THE VALUES OF M, oR M 
DvuE TO THE COMBINED AcTION oF 2 Loaps P PLACED As 
SHOWN, FOR SLABS Having Main REINFORCEMENT TRANS- 
VERSE TO THE DIRECTION OF TRAFFIC. 


AND A.W, To BI 


A\f,—the increase in moment fy, caused by 
placing two wheel loads on the span in 
position for maximum moment. 

a=distance between loads. 

For values of \/,, and of A/,, see figure 2. For values 
of SAM, and of \4y,+2M,, when loading is limited to 
two trucks, see figure 2. For values of AA/,, see fig- 
ure 3. 

Slabs fully restrained. Kor fully restrained slabs, the 
moment for one wheel on the center line of the slab is 
M’or=Moz—0.0699 P Equation (104 
M’,,—Mmaximum moment in foot-pounds per foot width, 

on the center line of a fully restrained slab, 
produced by a single load P on the center line 
of the slab. 

Moment for two or more wheels on the center line of 
fully restrained slabs is considered next. Kquation 
(104) gives the moment .\/’), produced by one load P on 
the center line of the slab. If a second load P, is placed 
on the center line of slab at a distance y in feet froma P 
the maximum moment per foot width of slab at load /’ 


will be M’,.+M’,. 


PSN \eos Wrlf tanh Qy 


2/ sinh 2a, 1 2a, 
1,3,6 


M’,—M, 


l(1 lu a, tanh a 2 


' Equation (102 
M’,—the increase in moment VM’), caused by an addi- 
tional load on the center line of the slab, at dis- 
tance y from P. When more than two loads 
are placed on the center line of the slab, the 
maximum moment per foot width of slab ts 

Mor +=M’,. 

For values of \/’,, and of M’,, see figure 2. bor 
values of SM’, and of M’,,+-=M]’,, when load is limited 
to two trucks, see figure 2. 

Moment per foot width of slab for two wheels placed 
in the direction of the span in position for maxim .1 
moment for fully restrained slabs is discussed next. 

Westergaard shows formulas for finding the maxim: un 
moment per foot width of slab, when two loads «re 
placed in the direction of the span in position for m \\l- 
mum moment. This is M,,+AM, when the sla is 


freely supported. When the slab is fully restra) ied, 


M,, becomes .M’,, but Westergaard does not show 10% 
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the termAA/, is changed when the slab is fully restrained. 
It can be shown that the term 4.17, is small ¢ ompare “dl to 
Ay; for short spans. If no reduction is applied to the 
term A.\/, because of restraining the slab, the error will 
be small and on the safe side. So \W’,,+A\/, will be 
considered as the maximum moment per foot width of 
slab, for two wheels placed in the direction of the span 
in position for maximum moment when the slab is fully 
restrained, 

Kor values of AM, see figure 3. 

Slabs partially restrained.—When slabs are continu- 
ous Over supports, as shown in figures 4 and 5, they are 
neither freely supported nor totally fixed, but are 
parti ally restrained. 

The Westergaard study does not advance formulas 
for partially restrained slabs; but since results for this 
condition fall between those for freely supported and 
totally fixed slabs, let slabs as in figure 4 and figure 5 
be assumed to have 50 percent and 75 percent fixed end 
restraint, respectively. These assumptions are based 
upon the probable effect that continuity of the slab, 
vielding supports, and other influencing factors, may 
have on the degree of fixation at the supports. Then 
the moment for slabs as in figure 4 will be the average of 


Part 2. 


The values obtained by the Westergaard formulas 
for 2-truck loading can be very closely approximated 
by the use of a factor / for the effective width over 
which the wheel load is distributed when only one wheel 
is involved, and by a factor 7 for the ‘tequivalent 
effective width’? when two or more wheels are involved. 
The width // is considered as the equivalent effective 
width for one wheel load to give the effect, in terms of 
maximum moment, of two or more wheels on the slab 
arranged for maximum bending. 

The modified formulas have been developed for slabs 
with the two types of reinforcement, case I and case 11. 

Under cases | and I], modified formulas will be shown 
for slabs (1) freely supported, (2) fully restrained, 
having 75 percent fixed end restraint, and (4) having 
)0 percent fixed end restraint. 

Since the various modified formulas advanced in this 
study were developed by similar methods, only the 
inethod of development for slabs freely supported, case 
|, will be shown. 

Slabs freely supported, case 1—The procedure in the 
development of the modified formulas for this case 
follows. 

Figure 6 shows the moment values resulting from 
ach of the four equal wheel loads, P;, P2, P3, and P, at 
shale respective points of application, by curves My 
and at points y distance from the wheels by curves M.. 
The area under the curve 3M,, the total bending 
moment produced by the four wheels, is equal to PS. 

e maximum moment produced by the four wheels 
is \f,. +2], and is under the wheel load having the 
greatest value of YM,. The total moment area und er 
curve YM, can be represented by an equivalent 
rectangle with an ordinate =A, + \/, (the ma X1- 
min moment produced on the slab) and an absc/ssa 
H, (the effective width for the four wheels). The 
area of th e rectangle is (Mj, +2M,) XI/r- PS from 


MODIF 





PUBLIC ROADS 151 


TITIT 


FIiGURI rINUOUS SLAB ASSUMED TO Have 50 PERCENT 
Fixed ENp RESTRAINT. 











RiGURE 5.—CoNtTINUOUS SLAB ASSUMED TO Have 75 PERCENT 


Fixep ENp RESTRAINT. 


moments for the simple span and for the totally fixed 
slab The moment for slabs, as in figure 5, will be the 
moment for a simple span reduced by three-fourths the 
difference between the moments for a simple span and 
for a totally fixed slab. 

Formulas for maximum moment for 50 and 75 percent 
fixed end restraint will be given in subsequent tables. 


IED FORMULAS 


hich H i 
Which 7 V VV 
Mo, and YAf, obtained from Westergaard’s equations 
66) and (74), the value of H/> is found to be approxi- 


Substituting the values of 


PS 
mately (0.66 S+ 12.4) and (\4,-4 =M)= 7 GG Sapa 
The total moment produc ed by one wheel is == and 
the area of the equivalent rectangle for one wheel is 
Mo: +2=M,)> = = The equivalent effective width 


for one w hee | that w il] oly e the effect, in terms 
of maximum moment of the four wheels, is_ then 
H, 0.66S+12.4 


I] 0.165S+3.10) and Mo: 
y PS PS 
=M, 4H } G$.165S8+3. 10) By 
for Mo,+-2.M, the modified formula for freely supported 
slabs with main reinforcement parallel to the direction 
of traffic becomes: 


substituting MM 


IS ms : 
M: an . :S 5 ,-----Modified formula (1) 


0.66 S+12.4 


In like manner —_ as for the remaining conditions 
of end support and end restraint under case I may be 
de velope 1d, the formulas bei Ing as follows: 

Slabs fully re strained, 


»S PS = 
M a = ...-.Modified formula (2) 


0.66 S+ 24.8 


Slabs with 50 percent end restraint (as assumed for 
condition shown by fig. 4 


FP S PS 


M=; 5H 0.66 S+ 


17.05" Modified formula (3) 
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The M, curves show the variation in moment in a slab of unlimited width and 20-foot span for equal loads P;, P2, Ps, and Py and 
the summation of the M, curves is shown by curve >M,. When the slab has a limited width as shown by the superimposed sketch 
of slab, the inner 4.5 feet of the lane can be assumed to carry the moment represented by area 1; the outer 4.5 feet of lane is assumed 
to carry the moment represented by area 2, and the edge support is assumed to carry the moment represented by area 3 


Moments represented by areas 1, 2, 


and 8 for b-, 10-, 15-, 20-, and 25-fool spans 


lotal moment distributed to various sectior 


Span (feet 


Inner 4.5 feet 


| 

| 

| 5 1. 2165 P 
, 10 2.1500 P 
} 15 2.8005 P 
20 3. 2760 P 
| 25 3. 6500 P 


Outer 4.5 feet 


0.9765 P 0.3070 P 2 ] 

7150 P 1. 1350 P OP 
2, 2095 P 2.4000 P r i 
2. 7600 P , O40 P 10.0 P 
3. 1275 P 5. 7225 P ] l 


Figure 6.—DIsTRIBUTION OF MOMENTs ALONG THE 7/-AXIS, SHOWING EQUIVALENT EFFECTIVE WIDTH OF DISTRIBUTION //]7; FOR 
A StAB Havine FREELY SupPorTeD EnNps, A 20-Foot Span, 2 Truck Loapine, anD HAvING MAIN REINFORCEMENT PARALLE! 


TO THE DIRECTION OF TRAFFIC. 


Slabs with 75 percent end restraint (as assumed for 
condition shown by fig. 5).— 


IO 2g 
ee PS 


=65H 0.66 S+ 50.157 _Modified formula (4) 


Table 1 gives a summary of the modified and Wester- 


gaard formulas for maximum moment per foot width 
of slab, when reinforcement is parallel to direction of 
traffic (case I). 

For a comparison of the moment values by the modi- 
fied and Westergaard formulas, see figure 7. 


TABLE 1.—Westergaard and modified formulas for maximum 





moment 
Modified 
formulas 
. 103 s Westergaard formulas for giving 
Condition of slab at support moment values equivalent 
moment 


values, M 








Freely supported_...........--| Mo:+2Mz..-..- a: 
| 0.66 S+i2.4 
50 percent end restraint......_. Moz:+2M:+M"'o:t+2M': De 
2 0.66 S+17.05 
75 percent end restraint.......- Moz+2M:+3M'02+32M': =. 2 
ere wae 0.66 S+20.15 
28 


Fully restrained... ..........-. Moz t+ 2M’; x a 
0.66 S+24.8 





Edge support requireme nts. For a wheel load placed 
on the center line of a slab, Westergaard’s equation 
(74) shows the moment ./, produced on the center line 
of the slab at y distance frem the load. Figure 8 
shows that ./, is a maximum when the y distance is 
zero and that .\/, is a minimum when the y distance Is 
3.0 S. Therefore, in slabs of unlimited width, as the 
span increases the width of slab in which moment is 
produced increases. 

Figure 6 shows the moment M,, at any point on the 
center line of a freely supported slab of unlimited width 
and 20-foot span, produced by each wheel for two 
trucks spaced 9 feet between centers. The curve 
=M, shows the moment at any point in a slab of un 
limited width produced by the four rear wheels, with : 
sketch of a slab of limited width superimposed. The 

ay 
total moment produced by the four wheels is : ° ol 
PS. 

In a slab of limited width, when the loads are placed 
so that the outside load is 1 foot 6 inches from the fac« 
of the curb, a section of the slab and curb 9 feet wide ts 
assumed to carry one half of the total moment produced 

‘2 


" ‘ PS 
by the four wheels, or —. The moment — can  ¢ 


considered as distributed to the slab and edge support 
as shown in figure 6. 








he. 
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Figure 7.—ComPaRison oF LivE-Loap BENDING MOMENTS 
PER Foor Wiptn or Stan By Mopiritp FORMULAS AND 
WESTERGAARD FORMULAS, FOR SLABS Having Matin REIN 
FORCEMENT PARALLEL T0 THE DIRECTION OF TRAFFIE 


Let MW, be the moment, under the conditions indi- 
cated in figure 6, for which the edge support must pro- 
vide. Then the modified formula for edge support 
requirement will be \/,—0.01 PS? tor freely supported 
slabs. 

The edge support requirement for slabs partially 
restrained and fully restrained may be provided for by 
using O.S Af, or 0.008 PS? for 50 percent end restraint: 
0.7 My, or 0.007 PS? tor 75 percent end restraint; and 

Me or 0.005 PS* for slabs fully restrained. The 
factors 1.0, 0.8, 0.7, and 0.5 represent approximately 
the variation in slab moments as computed by the 
modified formulas for the various conditions of support. 

Re inforce ment in direction of y- “AXIS. T he previous dis- 
cussion has dealt with moments in the direction of the 
span for which the main reinforcement is provided, 
referred to by Westergaard as moments in the direction 
of the z-axis. In addition to the moments in the 
direction of the slab span, there are moments produced 
in slabs normal to the span, referred to by Westergaard 
as moments in the direction of the y-axis, and for which 
reinforcement must be provided. 

For a single load on the center line of a freely sup- 
ported slab, the moment in the direction of the y-axis 
is given by Westergaard’s equation (62) as 


Moy M,:- 0.0676 P’. 


Kor two wheels on the center line of a freely supported 
slab, a distance y apart, the moment in the direction of 
the y-axis is \y,+.M,. Values of M, can be deter- 
mined from Westergaard’s equation (74). 

For 2-truck loading with four rear wheels on the 
center line of the slab, when trucks are spaced 9 feet 
between centers, the moment in the direction of the 
y-axis is M),+2M,, where 2M, is the summation of 
values of M/, for y=3 feet, y=6 feet, and y=9 feet. 
The values of M, may y be obtained from figure 8. 

Figure 9 shows the maximum live-load moments 
plus impact moments in the direction of the y-axis, 
curves 1 and 2; the total moments for which main 
ee secon must be provided are shown by curves 

3 and 4; and the ratios of maximum moments in the 
direction of the y-axis to the total moments for which 
main reinforcement must be provided, expressed as 
percentages, are shown by curves 5 and 6. 

The moments along the y-axis are small at points 
hear the supports, and the maximum occurs at the 
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kKiGURE 8.—-BENDING MOMENTS ON CENTER LINE oF SIMPLY 
SUPPORTED SLAB AT DISTANCE y FROM P As PRopvwUcED By P, 
FOR SLABS Havina MAIN REINFORCEMENT PARALLEL TO THE 
DIRECTION OF TRAFFIC. 


/ 


MENT IN DIRECTION OF .x-AXIS 


A 
L 


AS SHOWN BY CURVES 5 AND 6 


SIGN M 


DE 


RATIO EXPRESSED IN PERCENTAGE OF 
VE LOAD PLUS IMPACT MOMENT IN DIRECTION OF Y-AXIS ) 


MOMENT- Ff 


TOTAL 





OAL MPACT MOMENTS 
N DIRECTION OF 4-AXIS 






6 20 24 28 


FFECTIVE DESIGN SPAN. S-FEET 


FIGURE 9.—PERCENTAGE OF MAIN REINFORCEMENT REQUIRED 
IN BoTToM OF SLAB IN DIRECTION OF y-AXIS, FOR SLABS 
HAVING MAIN REINFORCEMENT PARALLEL TO THE DIRECTION 
or TRAFFIC. 


center. Since the variations in percentages shown in 
figure 9 are not large, it is recommended that, for slabs 
with main reinforcement parallel to the direction of 
traffic, the bottom of the slab, in the direction trans- 
verse to traffic, be reinforced with the percentages of 
main reinforcement shown in table 2, where practicable. 


TABLE 2.—Percentages of main reinforcement recommended 
for the bottom of the slab, in the direction transverse to traffic 


{ 





In middle | In outer 
Span lengt half of quarters of 
span span 


Under 10 feet 45 30 
10 to 20 feet 35 25 
Over 20 feet 25 5 


Bridge floor slabs with main reinforcement transverse 
to the direction of traffic usually consist of several spans 
continuous on stringers or built monolithic with the 
supporting girders. For slab spans so arranged, the 
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maximum moment per foot width of slab in exterior 
spans will be produced by one rear wheel on the center 
line of the span for spans up to 10 feet. On interior 
spans, the maximum moment per foot width of slab 
will be produced by one rear wheel on the center line 
of the span for spans up to 5.14 feet, and by two rear 
wheels placed 3 feet apart for spans from 5.14 to 10 
feet. 

In order to simplify the moment computations and 
also to provide for the possibility of loads spaced less 
than 3 feet apart, the modified formulas for interior 
spans loaded with two wheels are developed for slab 
spans from 4 feet to 10 feet. 

The modified formulas for computing the live-load 
bending moments per foot width of slab for slabs with 
main reinforcement transverse to the direction of 
traffic are developed in a manner similar to that used 
for slabs freely supported of case I, and are as follows: 

Slabs freely supported, case 11.—Spans less than 4 


feet. | 
S PS ae ; 
M=7> = ab Modified formula (5) 
Exterior spans 4 to 10 feet, 
PS PS ge . 
M= FF 9 39 S 10.0 _. .Modified formula (6) 
Interior spans 4 to 10 feet, 
PS _ PS ae " 
M= 4H 132 S 14.0 Modified formula (7) 
Slabs fully panne. Spans less than 4 feet, 
> 9 
M= fl —0.07 P Modified formula (8 
7 
Exterior spans 4 to 10 feet, 
PS = vee 
M -0.07 P_Modified formula (9) 


2.32 S+10.0 
Interior spans 4 to 10 feet, 
PS 
M=— 
1.32 S+14.0 
Slabs with 50 percent end restraint (as assumed for 
condition shown by figure 4).—Spans less than 4 feet, 
PYS_ 
9.64 
Exterior spans 4 to 10 feet, 
PS 
M=s35-0 
2.32 §+10.0 
Interior spans 4 to 10 feet, 


PS 
M=735 S+14.0_ 


0.07 P_Modified formula (10) 


M= -0.035 P Modified formula (11) 


—(.035 P_Modified formula ( 


0.035 P_Modified formula (13) 


Slabs with 75 percent end restraint (as assumed for 
condition shown by figure 5).—Spans less than 4 feet, 
PyS 
M=— 


V©__9 9525 P 
9.64 ~ 0:0525 P- 


Modified formula (14) 


Exterior spans 4 to 10 feet, 
PS 

M=;—— soe 

[= 539 S+10.0 


Interior spans 4 to 10 feet, 


—0.0525P_Modified formula(15) 
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PS 

1.32 S+14.0 

Table 3 gives a summary of the Westergaard formulas 

for interior and exterior spans. Table 4 gives a sum- 

mary of the modified formulas for interior and exterior 
spans. 

Figure 10 shows a comparison of the moment values 

by the modified and Westergaard formulas for interior 


spans, and figure 11 shows a comparison for exterior 
spans. 


M 0.0525 P_Modified formula (16) 





Requirements at unsupported edges.—For slabs with 
main reinforcement transverse to the direction of 
traffic, where the continuity of the slab is broken, the 


edges of the slab require support by diaphragms or 
other suitable means. 


TABLE 3.—Summary of Westergaard ferm ulas interior 


Jor and 
extertor spans 
j of ] ¢ 
“e r oh Span Exterior sy} Interior sj 
bee 
{2 to I Mo, 
Freely supported -)2 to 5.14 Vos 
(5.14 to 10 Voz tAM 
{2 to 10 M'o: 
Fully restrained ;2to 5.14 5 I’ 
5.14 \ i 
(2 to 10 Mo: +M 
J2to 5.14 Mes+-'os 
0 perce é restraint 
|: 14 to 10 fort M Ml 
2 to 10 Mo,+3M : 
{ 
: ” 2to 5.14 M Vi) 
4o perce t 1 restraint 
) 4 
po Mo.+3M 1AM, 
; 
ABLE 4 S immary of modi tied formulas for inte rior a? 
exterior spans 
( lition of slab 
it appert spar Exterior spar Interior spa 
Fee 
PysS PYyS 
\ 
{ 1= 9 64 Ma 
Free upported 
, PS PS 
: , 2.32S+1 M= 1309414 
( PS PS 
VN 0 VV 
! 9 64 v I 14 O74 
I y restrained 
PS PS 
\" M Sig 0-084 M=T39S+14 . 
r/o PAS 
)to4 ans _ 0.0351 “=~ I 
‘ 0.64 i 04 
50 percent end re 
Straint , 
PS PS 
4 to 10 M 28-197 0: 854 M=Tgosp1a 
PAS PLS 
to4 Vf oa 0.0525° VJ “er O.0O4525/1 
75 percent end re- 
straint PS PS 
{to 10 Mf TT; 0.0525P Mf a4 
Reinforcement in direction of y-aris.—Since the slxbs 
for case II are limited to spans of 10 feet and less, ‘he 
maximum moment AJ, in the direction of the y-a Is 
will be the moment caused by one wheel load on ‘he h 


center line of the slab for exterior spans. 


Moy=Moz—9.0676 P 


(Equation 02) 














FiGURE 10.--CoMPARISON OF Live-Loap BENDING MomeNTs 
tN INTERIOR SPANS PER Foor WiptxH oF SLAB BY MopIFIED 
AND WESTERGAARD FORMULAS, FOR SLABS HavinG MAIN 
REINFORCEMENT TRANSVERSE TO THE DIRECIION OF TRAFFIC. 


The maximum moment My, in the direction of the 
y-axis for interior spans will be produced by one load on 
the center line of slab for slabs with spans less than 5.14 
feet. For slabs with spans from 5.14 feet to 10 feet, 
the maximum moment in the direction of the y-axis 
will be produced by two wheels 3 feet apart placed in 
the direction of the span. For this position of loads, 
the moment in the direction of y will be Af%,,+A.\M, 
Values of AA, may be obtained from figure 3. 

Figure 12 shows the maximum live-load moments 
plus impact moments in the direction of the y-axis, 
curves | and 2; the total moments in the direction of 
the z-axis for which the main reinforcement must be 
provided are shown by curves 3 and 4; and the ratio of 
maximum moments in the direction of y to total 
moments in the direction of s is shown by curve 5 
Since curve 5 shows the moment in the direction of y 
expressed in percentage of the moment in the direction 
of v, the same curves could be used to determine the 
percentage of main steel to be used in the direction of » 

The maximum percentage of main reinforcement 
required in the direction of the y-axis is shown by curve 
>, figure 12, to vary from 50 to 69 percent. For prac- 
tical application it is recommended that the following 

ercentages of main reinforcement be provided per 

oot width of slab in the direction of the y-axis. 

Percentage of ma 
reinforcement per foot 
width of slat 
lement of slab: 

Middle half of slab span 65 
Outer quarters of slab span 15 
The reinforcement required in the direction of the 
-’Xis is to be used in the bottom of the slab and is in 


bs addition to any temperature reinforcement used in the 
he top of the slab. 
4s Provision for negative moments at supports.—The 


he nodified formulas are for moments at or near the 
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SIMPLY SUPPORTED 


50 PERCENT END RESTRAINT 


75 PERCENT END RESTRAINT 


t= FULLY RESTRAINED 
waa P=12,000 POUNDS FOR 
H-i5 LOADING 
P= 16,000 POUNDS FOR 
H-20 LOADING 
EXTERIOR SPANS 
—— MODIFIED FORMULAS 
——— WESTERGAARD FORMULAS 
FOR SPANS FROM 4 T0110 
FEET, THE TWO CURVES 
COULD NOT BE SHOWN 
SEPARATELY 


} 





FIGURE 1] COMPARISON OF LivE-LoAp BENDING MOoMENTS 
IN EXTERIOR SPANS PER Foor WiptH OF SiaB BY MOopIFIED 
AND WESTERGAARD FORMULAS, FOR SLABS HavinGc MAIN 
REINFORCEMENT TRANSVERSE TO THE DIRECTION OF TRAFFIC. 


f iS 
7 ¥ f . ~ 
A | 5° 4 SH( 
‘ 7 2 x Rec 
I. 7 F = i 
SS : 2 WHICH MA iN 
te men 
eer ar eS ER | iz EMENT MUST BE PR 
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- . os R f 
é As ; 
i — > M M Q 
J i = f . 
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oe We sD 
, iA 4 
a : .< z 
s ; = 
4 eS 
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‘ t J 4 
< , < 
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f 
ri y 
Q 
EFFECTIV ESIGN SPAT 


FIGURE 12.—PERCENTAGE OF MAIN REINFORCEMENT REQUIRED 
IN BorroM OF SLABS IN DIRECTION OF THE y-AXIS, FOR SLABS 
HavinGc Matin REINFORCEMENT TRANSVERSE TO THE DIREC- 
rion OF TRAFFIc. (Also see tabulation on p. 155. 


center line of the span. The bridge floor slabs, except 
those freely supported, are designed to have practically 
the same moment of resistance (negative) over the 
supports as (positive) at the middle of the span. 

Cantilever slabs —The modified formulas developed 
in this analysis apply only to slabs adequately supported 
at the sides and ends and do not apply to cantilevered 
portions of slabs or where cantilevered portions affect 
the slab. 
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Part 3—DESIGN OF REINFORCED CONCRETE BRIDGE FLOOR SLABS BY MODIFIED FORMULAS 


Case 1.—Modified formulas will be applied in the 
design of reinforced concrete bridge floor slabs with 
main reinforcement parallel to the direction of traffic. 

The 1935 specifications of the American Association 
of State Highway Officials will be used, modified as 
follows: 

Live load moments are computed according to modi- 
fied formulas as shown in table 5. 

The outer edges of the slab shall be supported by a 
beam or extra slab width capable of resisting live-load 
edge support moment Mg, live-load impact and dead- 
load moment. 

Unit stresses: f’,=3,000 pounds per square inch; 
fs=18,000 pounds per square inch; f,=800 pounds per 
square inch; n=12. 

Live load: H-15 and H-20 truck train loading, on 
two adjacent lanes for all roadway widths. 

Symbols used are defined as follows: 


S=Effective design span in feet. 

W=Dead load per square foot of slab. 

P=Wheel load=12,000 pounds for H-15 and 
16,000 pounds for H—20 loading. 


me... 
125+8S 


M= Maximum live load moment. 
M(1.0+)=Live load+impact moment. 
M,=Design moment=Dead load moment+ 
M(1.0+J). 
M,=Live-load moment in foot-pounds distributed to 
edge support. 
M,(1.0+J)=Live load+impact moment in 
pounds distributed to edge support. 
All moments except for MM, (edge support) are in foot- 
pounds per foot width of slab. 
For values of live-load moments in foot-pounds per 
foot width of slab by above formulas, see tables 6 and 8. 
For values of live-load moments distributed to edge 
support, see tables 7 and 9. 
Tables 10 to 17 show design moments, dimensions 
nd reinforcement of slabs for case I. 


I=Impact factor= 


TABLE 5. 


Type of slab 


Freely supported Single spans_--._..-- 


Slabs continuous--.-.-.. 
Slabs monolithic. ----- 


panels, 


Fully restrained.......| Exceptional cases only... 





| 
| 


foot- | 


TABLE 6. 


Condition 
support 


te 


Requirements regarding slab and supports 


Live load moments in foot-pounds per foot width of slab 


Controlling conditions: 


it 


394 | 





H- 


P 


Case I. 


15 loading. 
= 12,000 pounds. 


Modified formulas 
Freely supported. 
Slabs continuous 
Slabs monolithic. 
Fully restrained. 


Freely sup- 


Reinforced concrets slabs bearing on 3 or more supports and continuous over 2 or more panels 


Reinforced concrete slabs built monolithic with 3 or more supports and continuous over 20r more }) 


Slabs contin- 
uous, 50 percent 





Summary of modified formulas for case I 


parallel reinforcement 


Slabs monolith 


1] 
i 


Vy restrained 


ported c, » percent 
end restraint end restraint 
P F < | , 
Mf “ M= A Ee Vl PS 
0. 6685+12.4 O.660S 17.05 0.66N+-20.1 O.66S 1S 
\fx \f > \f> VJ 
M 1.0+] M 10+] M 10+] M 10+] 
1,750 2,440) 1,310 1, 830 1, 120 1, 540 920 1, 280 
2,140 2.980 | 600 2, 230 1, 380 1, 820 1, 130 1, 570 
2.510 3, 480 1, 890 2, 630 1, 430 2, 270 1,340 1, 8 
2,850 3, 960 2», 170 3, 020 1, 870 » 600 1, 550 2,150 
3, 190 4, 430 2, 440 3, 390 2, 100 2, 920 1, 750 2, 430 
3, 520 4, SSO 2 700 3, 740 2, 330 3, 230 1, 950 2, 700 
3, 830 5, 300 2, 950 4, OVO 2, 50 + 40 2.140 2 On 
4,110 680 4,190 4,410 2,770 , 830 2 330 t 200) 
4,400 6, OSO 3 430 4,740 2, 990 4.130 2 0 8, ATO 
4. 680 6,460 | 3,650 5, 040 3, 190 $, 400 2, 680 3, 700 
4,940 6, 810 3, S70 5, 340 3, 390 4,470 2. 850 + 930 
5, 180 7,140 4, 090 5, 630 3, 590 4,950 , O30 4.171 
5, 430 7, 460 4, 300 5, 920 3, 780 5, 200 + 200 4. 400 
5, 670 7, 800 4, 500 6, 190 +, OO 5, 450 3. 360 1 620 
5, 890 8, OSS 4, 700 6, 450 4, 130 5, 670 3 520 +, 830 
6, 100 8.370 | 4.890 6, 710 4,310 5. 020 , ATO OA 
6, 310 8, O45 O70 6, 950 4, 480 6, 140 3, 820 240 
6, 700 9, 165 420 7, 420 4.810 6. 580 4.130 64) 
7, 090 >, 680 5.770 7, 870 5, 130 7, 000 4, 400 6, O1 
7,440 | 10,140 | 6,080 8,200} 5,410 7, 370 1, 660 6, 35 
7, 760 10, 550 6, 390 8,690 | 5,700 7, 750 4, 940 6. 7% 
8,080 | 10, 960 6, 470 9,060 | 5, G80 8, 100 5, 180 7, OB 
8, 360 | 11,330 6, 950 y, 420 6, 240 8, 460 5, 430 7, 360 
&, 630 11, 670 210 9, 760 6, 500 &, TSO 5, 670 7, 660 
&, 890 12, 000 160 10, OSO 6, 720 9,070 5 S80 7, GAC 
9, 150 12, 330 700 10,380 | 6,950 9, 370 6,110 8, 23/ 
9, 370 | 12, 600 330 | 10,670 | 7,180 | 9.640] 6.320 8, 5K 
9, 600 12, S80 8, 140 10, 940 | 7, 390 9, 900 6, 530 8, 7H 
9,810 | 13, 150 8,350 11,190 | 7,600 | 10, 180 6. 720 9, OO 
9. 990 13, 370 ® AGO 11, 460 7, 190 10, 430 6, G00 9.924 
10, 200 | 13, 630 8,740 |) 11, 700 7,980 | 10, 660 7. 060 Q. 44 
10, 380 13, 840 & 930 11, 920 8, 160 10, 880 7 970 > 7% 
| Percent-| Liveload | — og } 
| ageof | moments per | 4 oe teq| Dea 
end re- | foot width of |@Stributed) = j,, 
> to edge 
straint slab, | support mome 
issumed M Mr 
f PS \ —it 
Ol Tee stiad |f 901 PS? |) 5 
50 |f wheter \ 0.008 Ps? |! 
‘ \ 0.66 S+17.05 || . \ 1 
73 \{ ——/S__ No moz ps lf = 
If °l) 0.66 S+20.15 |f Sd ill | l 
100 |! mee loos ps \f = 
00 || 0.06 Spode [yf 9-005 PS? |) 
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TABLE 7. 

su pports 

Controlling conditions: 

/1-15 loading. 

P= 12,000 pounds. 

Case I.- 

Modified formulas. 
Freely supported. 
Slabs continuous, 
Slabs monolithic. 
Fully restrained. 


. : 7 SC tir Ss acing 
Condition at Freely sup labs continu lithic, 75 per 
support ported ous, ) percent cent end f 
Pi aie . , end restraint <aint 

Slab 
“—" I ms Vie =0.01 PS?) Mip=0.008 PSt) Mx =0.007 PS 
feet E 
\i re Vie \l er 
fs d ,- » 
S I \ toon) Me lain) M ot 
20) j isi a70 S F, B35 470) 
2 7M) O45 “uM ~ 2 7M) 
aL) OM) 1 eK st 1. OM) 4 um 
3 5 " 1.470 2 O40 17 1, 640 Oso 12 
10 tSS 1 uo ) tt “MO 2 i2 45 sf 
4.5 st 2, 430 70 45 » 700 1,7) 2. i 
“ s (WM) } tH) 2. g. 32 2? 9I') 
5 is w) OR 2 (4M) 10 
oo Ss 4, 321 7 3, 465 4,77 1,15 
( isu) o7v in) 4,065 nn 4, OM) 
() *y SSU) s, 110 +, 700 6,475 ATE 
0 i, 75 1, 300) 5, 400 7, 440 6. 510 
x 0 ‘ 7. OS 10. 50) 6, 140 &. 450 100 
8. 5 8,670 | 11,920 6, 940 0, 550 8, 3) 
9.0 373 9,720) | 13, 330 770 | 10, 680 1, 350 
q 372 1, S30 14,850) 8, 670 11, 880 10, 400 
10.0 70 12, 000 16, 440 1, 000) 13, 150 11, 500 
11.0 SAS 14. 520 19, SSO) 11, 620 15, 800 13. WO 
12. ¢ M5 17, 230 23, 620 13, 820 1S, ASO t i) 
13.0 362 *), 280 | 27, 630 16,250 | 22.100 
14.0 tra) 5% 32. 000 1S. 820 | 25. 600 
0 ,57 2 MM) 6, 640 1, 620 29, 280) } 
6.0 0.720 | 41. 640 4, 570 300 29, 100 
17.0 t52 1. 6s 163,80) 2 “) 37, AM) » 850 
1s. 0 w) SSS) | 52. KM) 1. 120 42. (4) 16, 750 
1V0 347 | 43, 320 S, 400) 44, 600) 46, 700 10,8) 
Mt) $45 1s. (MM) 64, 600 iS, 370 51. 650 45, 209 
21.0 1? » Gon 71.000 42, 580 56, 7600 19,750 
22. {) M40 AS USO 77, 800) 16, 480 2, 280 54, 500 
23.0 ts 63, 480 SOM) MM). 750 68, 000 50) FM) 
4.0 it Ho. LAD 4) yy SA) 64, 700 
0 75. 0000 100, 000 ‘ (ny So OO) TO. OM 
TABLE S Live load moments tn footl- pounds per foot 
Controlling conditions: 
H-20 loading. 
r 16,000 pounds, 
Case I—parallel reinforcement 
Modified formulas. 
l'reely supported 
Slabs continuo 
Slabs monolithie 
Fully restrained 
Slabs mone 
Stab ti a 
ondition at Freely suy ss Apecr vont lithic, 75 per 
“o +? reTCeT 
upport ported i cent end re 
end restraint straint 
ib 
in my PS PS PS 
\ \ 
! 1. \ 0.66S+12.4 M 0.66.S+4+-17.05 0.668S+20.15 
\l> \f> \f> 
M 104+] M 10+] M 10+T] 
3, 250 2, 440 1, 490 2, O80 
$, Y70 2, 970 1,840 2, Sti) 
} 1, 640 3,010 2, 170 +, O30 
5, 280 4, 030 2,400 3,470 
5, G00 4, 520 2 800 3, 890 
6, 500 4, YSU 3, 110 4,310 
7, 060 5, 450 3, 410 4,720 
7, 580 5, 880 3, 700 5, 110 
‘ 8, 110 6, 320 », 500 
bs 8, 620 6, 720 5, 860 
° 9, OSO 7. 120 6, 220 





paralle! reinforcement. 
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Live load moments in foolt-pounds distributed to edgé 





VJ =0.005 PS 
P \fz 
\J Ly 
ot 
40 
‘wa i) 
1.2 6% 
1, Ww) » (isi 
s 
> 164 wa) 
y 4 > ] 
2, ou i y 
$, 375 1 
3, S40 2 
4, 33 “ 
4,860 6.6 
415 7, 434 
6, O00 & 22 
2th) Od 
&, 640 1s] 
lO, 140 13, &20 
11, 760 16, (OM 
13, HO) 3% 
15. 360 A) S20) 
17, 340 23, 454 
19, 440 ob, 24 
21, 660) 20, 2 
24,000 2 4 
400 ww) 
24, 040 ts, UHM 
31, 740 42, OAM 
44, 500 16), iM 
yw) . LI 
itl slab 
Fully re 
strained 


\C 


0.66 


3, S580 
3,510 


PS 


S+2 


1,710 
2, 100 
2, 490 
2, 870 
3, 240 
3, 600 
3, 950 
4, 200 
4, 630 
4, 930 
5, 240 





raBLE 8.—L 
Conditior t 
upport 

= } 
“ n 
pea ] 
S 9 . 
foe 
x 0 f 
% 
Q ( ; 
) ) 
0.4 70 
1 ,H8 
20 sf 
io. 0 2 
1.0 sid 
t i) 
s ‘ 
| 4 
» { 
y- 22 
T rT] 
is 
24 t 
TABLE 9.—L 
( nd yn 
Ipport 
Slat 
— ] A 
12 S 
eet 
S 
r ( 4 
( ’ 
, & 
10 INN 
4.5 st 
0 re 
SO 
6.0 isl 
6.5 380 
7.0 TO 
&.0 76 
RS I75 
9.0 373 | 
9.5 372 | 
10.0 370 | 
11.0 68 | 
12.0 365 
13.0 362 
14.0 360 | 
15.0 357 
16.0 355 
17.0 342 
18.0 SM) 
19.0 347 
20.0 345 
21.0 342 
22.0 340 
23.0 338 
24.0 336 
5.0 333 
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ive load moments in foot-pounds per foot width of 
slab—Continued 
Sine cantina Slabs mono- 
Freely suy ae be lithie, 75 per- Fully re- 
= et jus, 50 percent : 
rte wpa cent end re- strained 
end restraint 
straint 
PS PS PS 2S 
\V/ VU Vf Mf f 
6S j 0.66S4 0 066N+20.15 0.66S+ 24.8 
f Vl \Ix \Ix 
P ] 
: | l M L.0+] M LO+T] 
52 i" 0 1700 6. 600 MO 
{ + U4 3) ooo O40 6, 430 + S60 
‘ 6. OOM Ss. 250 280 7, 270 6. 160 
m4 2 S 600 10 7, 560 6.440 
S { ( 2) s O40 7 7, 840 6, 720 
R 4h A) 6. TAC 1, 260 470 8, LSU 6, USO 
R 94 I 2 9. 900 6,410 8, 770 7, 540 
+ 450 vf 640 10, 490 6, 840 9, 330 &, 020 
9 § 52 s ") 11,050 7, 210 9, 830 8, 460 
0 j 0 & 520 11, 580 7. 600 10, 330 &, YHOO 
+f 8.890 | 12. 080 7,970 | 10,800 9, 370 
5 100 Q. 26¢ 12. 550 8,320 | 11, 270 9,810 
0 Gg 61 , OOO 8, 670 11, 700 10, 210 
S 6. OK ) 13, 440 8,960 | 12,090 10, 590 
AM 4-4 13, 840 9, 260 12, 490 10, 960 
11K si 4. 230) 1 570 12, 850 11, 330 
> SM RI ROM 14, ARO 1850 13, 200 11, 680 
wi j 130 1,910 10, 130 13, 570 12, 000 
s 41 5, 280 10, 380 13, 900 12, 310 
On % 650 5. 600 10, 640 14, 210 12, 580 
‘ & 45 ) OO) 0, 880 14, 500 12, 930 
/ oments in foot-pounds distributed to edge 
ipports 
Controlling conditions 
/1-20 loading 
pP 16,000 pounds 
Case I—parallel reinforcement. 
Modified formulas. 
| reely supported 
Slabs continuous 
Siabs monolit} Cc 
| v restrained 
} nu Slat mono- 
ercent j 5 percent Fully restrained 
rain straint 
\s PS f WS PS Vf e=0.007 PSt! Mr=9.005 PS? 
1s Vie \/ re VieX 
i. ' v ; MEX 
D| “® daotn| * | iotn 
| 
SOM i" 625 st} 
wi | SM 1415 7h wud, 
14H uM 11 1, aM) 1, 400 7 
Mu 4) | 2 180 1.45 | USO) | 
‘4 ) “ 4) 2 S40 AW) | 1, ZNO) 
1 1 aw) » 5S! 3, 600 1K) ) 1,620 
1. (4M) 40 3, 2K 4,425 3,875 LL 
{<4 7) 2 87 5, 265 | 4,690 > 420 
ow 70 41 6) | 5, 585 2, 880 
6, 70 4 41( | 6, 540 3, 380 
SA) RUM 6, 250 | 7, 500 3,910 | 5, 
GQ, OK 12, 400 7, 2M } 8, 670 4,50) | 6, 200 
10, 240 14. 980 8. 200) } 9, 850 5, 120 7,040 
11, 580 15. 000 9, 2509 | 11, 130 5, 790 7,000 
12, 960 17, 800 ; | , 46 & O00 
14, 440 19, SOO j | 9, GO) 
16,000 | 21.910 | 10, 960 
19, 380 | 26. 500 | 13. 250 
23, 97 31, 480 25, } 15, 750 
27, 040 36, S60 2Y, | 18, 450 
31, 370 | 42,620 34, 140 | 2 21, 320 
26. 000 48, R11 39, 020 | 24 42) 
40,980 | 55, 500 44, 380 | $8,880 | 20, 480 27, 750 
16,250 | 62. 500 50, 000 43,750 | 23, 120 31, 250 
51, 880 70. 9)9 56, 040 49,000 | 25, 920 35, 000 
57, 760 ~ 800 62, 260 54, 500 | 28, 860 38, 990 
4, 000 | 86, 00 68, 86 60, 269 | 32, 000 43, 090 
70, 500 | 94, 680 75, 760 | 49, ; 0 | 47,350 
77, 500 $103, 800 | 83,050 | 54, 260 51, 900 
84, 600 (113, 300 90, 700 | 59, 260 56, 620 
92, 100 |123, 300 | 73, 98, 500 | 64, 500 61, 620 
100, 000 133, 209 | 80,009 106, 600 | 70,000 50, 000 66, 620 








P 


TABLE 10.- 


UBLIC ROADS 








REINFORCE NCRETE BRIDGE | R SLABS 15 loading 
Case I—parallel reinforcement 
[ Paes ae erg er posse” : | ' i Freely supported slabs 
. : ; . a . All truck lanes. 

. : ¥ : i 4 f ywwanee 25 ( - TS are 
| C. r >: | Paving allowance 25 pounds per square foot 
t _—— ae SS ee ee Y Modified formulas 

| 4 A Area of tension reinforcement. 
d T— 1.25 inches for bars °4 inch and under 
ad SLAB SPAN “| d T— 1.50 inches for bars over 5¢ inch 
All bars to be hooked at ends. 
Dead lo 
Slab Slab Bar space | “oment, oe ; 
span S | depth T Bar size center-to ws M (1.0-+2 Mi 
center S + 
| Feet Inches Inch Inches Ft: It Ft.-lt Ft-lt 7. in. | Lb./sq 

2 5.75 1,R 5 40) 2,441 2,48 ' 88 17, 400 ") 

3 6. 75 sR aia 12 $, 460) , OO) 49 M { ‘ S 1M “i 

4 7. O ,R 6.5 240 4, 430) 4, G70 F (WTE { SN rat ey 

5 8.0 cR 5 300 F Siw) 5 600 OOS ‘ RX AM ; 

6 8.5 eR 5 me | 6. O80 6. ATI } WIS as 1M sii 

7 9, 25 3 R 5.0 R60) 6.810 7 671 { 477 KN4 M TN 

S 9 5 g 4 1,1) 7, 460 SOM S2 OOS 8 SS 114) si 

9 19, 25 -R 4.5 1, 50 8. 08 9 #3 S (\7¢ RX 7 7M) 7% 

10 10.7 a, R 6.0 2, 000 8. 64! 10, 64 SS an Ks 7, SK Ss] 
11 11.0 3% R 5.5 2, 455 » 1A 1], 624 " IS4 tW Ss r , sh 
12 12.0 34 R 5. 5 3.150 9. 680 12, 836 ' MOTE 4 ws 7. 25 i 
13 12.0 %R 7.0 3, TOO 10, 140 12, 84 WIRD t RA 17.) si} 
14 | 12.5 %R 7.0 4, 44( 10, 550 14, 99 OUTS { 884 8, ON) Si 
15 13.0 ™?mR 6. ! 5, 200 10. 960 16, 20 OO S82 | at) 
16 13.5 7R 6.: f, 21 11, 330 17, 540 ] O07 { aA4 WM ) 
17 14.0 7R 6.0 7, 230 11, 679 &, 900 1, 2 WS SAD | Tt s 
18 14.4 7™?R 6.0 8,350 12, 000 20, 1 77 aS4 ] 71M ~ 
19 15.0 1R 7.5 9, 620 12, 330 21, GA i a O78 } AM4 ] uM si 
20 15.5 1R 7 10, 950 12, 600 3, 5 2 007 RSE 18) 10K x 
21 16.0 1R 7.0 12, 4K 12, S80 25, 2a WITT SS4 17, 600 
22 16.5 IR 7.0 13, 980 13, 104 27, 12 iT SSé 18. 1K ; 
23 7.0 IR 6.5 15, 720 13, 370 G10 0078 19 RS4 7 60) 7S) 
4 #+$%(| 17.5 IR ' 17, 570 13, 630 51, 204 i ( RSE 18) 200) Ry 
25 18. 0 IR &.0 19. 530 13, 849 § 370 5 ) RN 17. ™M) 7% 
1 See table 2 for reinforcement transverse to the main reinforcement and table 7 for edge rt require s 
2? In this and subsequent tables R is used to designate round bars. 
TABLE 11.— De sign moments, dimensions, and re inforce ment of slabs fo the following conditions 
Controlling conditio 
REINFORCED CONCRETE BRIDGE FLOOR SLABS H-—15 loading 
Case I—parallel reinforcement 
TREO Ee SARS Oro Docaeoa mace ' - Freely supported slabs 
a , 2% ; : All truck lanes 
. < 5 ; , : ane ' K ) ] y de 
Cc a a Fe J . 6 7 i Paving allowance, io pounds per square 
i —+— Y Modified formulas 
As | A,= Area of tension reinforcement. 
H d= T—1.25 inches for bars % inch and under 
a — SLAB SPAN = 5 ane d= 7T'—1.50 inches for bars over % inch 
All bars to be hooked at ends 

Slab Slab Bar space porno da Unit stre 

span depth Bar size | center-to- | Moment | yy (1.047 \/ 

“ . Ws? 

Ss T center 
8 
Feet Inches Inch Inches Ft.-lb Ft.-lb Ft.-lb Sq. i Lb./sq. on Lb./8q 

2 | §. 75 1,R 5.5 7 2, 440 2,510 0.43 0. 0079 0 0. 8S 17. 600 ROO 

3 | 6 5g R 7.0 , 480 3 680 r OOSU SRO 17, 100 720 

4 7 &R 6.5 4, 430 4,770 5 ore { RS 18, 200 SOK 

5 & 5, R 5.5 5, 300 ), 860 67 0080 553 RAL 17, 000 770 

6 8. 5 R 0 6, 080 6, 910 74 0OR2 ie 881 17, 060 780 

7 9 5 R 5.0 ] 6, 810 8, 000 74 0075 344 886 17,75) 775 

8 9. 5 R 4.5 1 7, 460 9, 030 82 0980 353 . B82 17, 600 800 

i) 10. %R 6.0 2 8, OR5 10, 170 88 OOR2 +f 881 17, 5x gS) 

10 . %R 5.5 2 8, 645 11, 300 06 OOR4 60 880 16, OOK 79% 
1] } 11.5 34 R 5.5 3 9, 165 12, 480 96 OOO 353 882 17, 700 805 
12 ; 12.0 %R 7.0 4 9, 680 13, 730 1. 03 0082 55 881 17, 300 795 
13 | 12.5 %™R 7.0 4 10, 140 15, 020 1.03 0078 349 R84 18, 000 R05 
14 13.0 uK%R 6.5 5, 10, 550 16, 380 1.11 0080 553 RR2 17, 500 795 
15 13.5 %R 6.5 6, 10, 960 17, 820 1.11 0077 347 884 18, 200 805 
16 14.0 %R 6.0 &, 11, 330 19, 330 1.18 OOSO 353 882 17, 550 800 
17 14.5 %R 6.0 9, 250 11, 670 20, 920 1. 20 0077 347 R84 18, 200 805 
18 15.0 IR 7.5 10, 650 12, 000 22, 550 1. 2¢ OO78 . 049 SM4 18, 100 805 
19 15.5 1R 7.0 12, 140 12, 330 24,470 1. 35 0080 353 . 882 17, 600 800 
20 16.0 1R 6.5 13, 750 12, 600 26, 350 1.45 . 0083 358 S81 17, 100 795 
21 16.5 1R 6.5 15, 480 12, 880 28, 360 1.45 . 0081 . 354 882 17, 800 810 
22 17.0 1R 6.0 17, 390 j; 13, 150 30, 540 1. 57 0085 361 880 17, 100 800 
23 17.5 - | 6.0 19, 440 13, 370 32, 810 1, 57 0082 35 881 17, 700 810 
| 24 18.0 1R | 5.5 21, 600 13, 630 35, 230 1.71 OOR6 33 879 17. 000 805 
| 25 19.0 1R 5.5 24, 460 13, 840 38, 300 1. 7] 0082 356 881 17, 400 800 








Controlling conditions 


H 


1 See table 2 for reinforcement transverse to the main reinforcement and table 7 for edge support requirement 


Design moments, dimensions, and reinforcement of slabs for the following conditions ! 
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0 
6.0 
6 

0 
sO 
8 
0 
100 
] { 
19 0 
i3,U 
14.0 
15.0 
HU 
17.0 
18.0 
19.0 
00 
« U 

0 
rf) 
24. ( 

) 

om tal ‘ 
aoe 

( 

}~ 
SIal 
may 
pur 
S 
Feet 
2. Q 
_ 
0 


5.0 
5 5 
6.0 
6.5 
7.0 
7.5 


ro 


+7] 
9.5 


10.0 | 


ee table 


Of OD OF OO =3 =3 -3s3 93 9) 


0 
0 
( 
( 
0 
( 
— 
a 
om 

1} 


feet lusive i 
, . , { ) 
Bar Bar s} t 
ad enter-to 
enter 
Inch Inche 
R t 
] 6.0 
kK 
sR j 
sR 7.0 
sk 6 
gk 6.0 
sk 6. ( 
sR ‘ 
s K 
sk 0 
sR 0 
sk 0 
sR 4.§ 
s R H 
s K i 
sk i 
tk 6.0 
sk 5 
ik 5 
a R 7.0 
sk 7.0 
sR 7.0 
sR 6 
RK 6.0 
R f 
K 
R 
1 kK 0 
K 7.0 
Kk 6.5 
k 6 
er I ors¢ I 
13 Des qn 


x 


5 


8 


2 for reinforcement transverse to 


if 
OU 
oO 
0 
170 
rn) 
"“) 
600 
00 
S20 
ae | 
(we) 
isi) 
F 
50 
2, 120 
2, 590 
5 060 
3, 670 
4, 331 
4, SSO 
OHSU 
6, 330 
7, 250 
& 270 
9, O80 
10, 250 
IU 
2 &S0 
reinfores 


mome? 


Ly “ : 

a * a > ww ad 
~ 2, a a .* - 
‘ i = not be 
‘ 1 0 1,, bars ber 

Kar Dead 
pace moment 

é enter-to- WS? 

center 10 

h Inches Ft.-lt 
K 7.0 50) 
KR 6.0 60 
RK 6.0 90 
R 5. § 120 
R 7.5 170 
R 7.0 220 
t 7.0 280 
R 6.5 340 
R 6.5 420 
R 5 400) 
t 5. 5 ASO 
t 5.5 690 
¢ 5.0 750 
t 5.0 910 
R 5.0 1, 040 
R 5. 0 1, 190 


4 4.5 





PUBLIC ROADS 


‘ 
‘ 

, JP 
1. &30 
2, 230 
2, 630 
v0 
10 
3, «40 
4 OU 
4,410 
4, 74 
040 
34() 
630 
G2) 
t x) 
6, 450 
t ) 
moO 
420 
7, 870 
& OD 
&, 600 
1, OF 
1 4c 
4, 760 
0, OSO 
0, 380 
0. 670 
0, 940 
190 
460 

, 700 

hal 

- 


al 


‘ 
ne 
4 
4 
( 
4 
j 
4 
] AS 
1, O04 


24, SOK 





4, 890 
5, 250 
5, 640 
5, 980 
6, 360 
6,710 
110 
7, 460 





De sign moments, dimensions, and reinforcement of slabs fo 


Controlling conditions 


H—-15 loading 
Case I—parallel reinf. 
Slabs continuous 


50 perce! t end restraint 
All truck lane 


> . 
Paving avowance Zo) pout 


Modified formulas 
Ae Area of tensio1 
. Area of con 


main reinforcement and table 7 for edge support requirement 


nt 


t 


reintorcement. 


follo win qd conditions 1 


per square foot 


ipression reinforcement. 











/ é id 1.25 inches for bars inch or under. 
{= T—1.50 inches for bars over % inch. 
All bars t ed at « is 
nit stress 
Lt Lb./sq. in. 
{ R86 770 
s SS 750 
. Ri 770 
s 872 l 780 
Ws - &7 ] 795 
OS 872 ] 795 
‘ WAN RT l 790 
f WS 872 17, 800 800 
( OOS 87 17, 000 780 
ONE 873 17, 600 785 
{ OO S658 17, 050 805 
| 87 17, 450 805 
{ OORS { Q7 7 805 
. { 5 RTE 770 
Ss 4 s 870 810 
&9 WO 872 805 
49 0088 8 . 874 800 
SS 109 . . 87: 810 
) " \ 871 R10 
" Of 875 800 
M S74 800 
( ( 48 STR 790 
( OO 4 SS2 785 
"TS 879 805 
20 878 775 
. 877 7 805 } 
t wo 879 17, 800 | 
yo &R 18, 100 795 | 
KOS AN() 17, 800 S10 
+ . RR4 8, 200 810 
: on SS 17, 400 790 
M { xS SOO 780 
ré jt t 
ce ‘ nt of CoO? d Lians 
itrolling cond 
H-15 loading 
Case | paralle reintorceme 
Slabs monolithic 
75 percent end restra 
All truck lanes 
Paving allowance 25 pour ver square foot 
Modified formula 
| Area of ter ( orecinent 
a. Area of compressior reintoreement 
T’— 1.25 inches for bat sinch or under 
/-- T’—1.50 inches for bars over % inch. 
All bars to be hooked at ends 
} 
Unit stress } 
‘ ! 
{ ] Z — — — 
" | 
f, te 
! 
~ - | es | 
. | 
in Lb./sq. in. | Lb./sq. in. 
34 0. OO75 ). 344 0. BRE | 16, 900 750 | 
9 OOS | 54 882 17, 300 790 | 
39 0072 ) 338 R87 18, 200 775 | 
43 007 s1¢ 138 SSO 18, 200 770 | 
1 OO82 ”) 0 876 17, 300 775 } 
F . 0OR4 Qs¢ 352 875 17, 000 770 | 
3 OO80 273 4 876 17, 950 | 790 | 
7 0083 of 347 874 17, 500 | 775 | 
7 OO79 DAC 34 877 18, 000 780 
67 0003 250 361 R68 16, 800 790 
67 OOS9 240 S55 871 17, 300 795 
67 OOS6 23 4 . 873 17, 800 800 
74 0095 231 561 868 17, 200 | 810 
74 0091 222 35 E 871 17, 550 805 
{ OOSS 214 350 873 17, 800 800 
74 . 0085 207 45 875 18, 200 800 
82 0094 207 358 870 17, 300 805 | 
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PUBLIC ROADS 








! See table 2 for reinforcement transverse to main reinforcement and table 9 for edge 

















support requirements 


Lb 


Vol 


Sq] 
st 
SOO 
7a) 
TOO 
cu0 


S10 
Sou) 
SOS 
Sou 
SOU 


S10 


7TuO 


TABLE 13.—Design moments, dimensions, and reinforcement of slabs for the following conditions—Continued 
Slab Slab Bar <od oe H —— 
space 0 -] « 
van de a: ataes center-to- ws. ML.0+1 Mi 1 p 7 j 
" center 10 i, 
Feet Inches Inch Inches Ft.-lb Ft.-lb Sq. in Lb./sq. in 
11.0 9.0 5¢R 4.5 1, 660 8, 240 0.82 0. 0OSS 0. 194 0 348 0.874 17, SOU 
12.0 9.5 3% R 6.0 2, OSO RS , 0092 ISS s53 873 17, 700 
13.0 10.0 %R 6.0 2, 540 SS OOS7 177 345 S76 Is, 150 
14.0 10. 25 34 R 5.5 3, 000 8 0092 171 sh S75 17, 500 
15.0 10.5 %*R 7.0 3, 510 i 1.03 0095 167 shi 874 17, 200 
16.0 11.0 7% R 7.0 1,170 12, 630 1. 03 0090 158 348 S78 17, 600 
17.0 11.0 sk 6.5 4,710 13, 490 1.1 OOUT LSS 356 S75 17, 600 
18.0 11.5 ak 6 5, 480 14. 550 L111 oo Ly sO STU 17, 000 
18a.0 11.5 l R ) 6, 100 15, 470 1. 26 O1LO5 Loo 5 S74 16, 850 
20.0 12.0 l t 5 7, 000 0, 640 16, 640 1. 26 O100 143 S77 17, 200 
21.0 12.5 l 4 5 7, YsSO 9, GOO 17, SSO 1. 26 oous 136 STU 17, 600 
22. 0 13.0 l R 1.8 9, OVO 10, 180 19, 270 1. 26 OOv 1 Ww) SS2 Is, 100 
23.0 } 13.0 l R 7.0 9, 050 10, 430 20, 380 1.35 OOOS 130 SSO 17, 00 
24.0 13.5 l R 6.5 11, 180 10, 660 21,540 1.45 oO1ol 125 Sv 17, 200 
5.0 14.0 l R 6 12, 500 10, SSO ; 1. 45 QOUT 120 52 AAS 17, 600 
TABLE 14.—Design moments, dimensions, and reinforcement of slabs for the following conditions 
Controlling conditions 
REINFORCED CONCRETE BRIDGE FLOOR SLABS I-20 loading 
i ; ™ Case l— parallel reinforcement 
oe ° z 8 q t Freely supported slabs 
. ; a 8 K All truck lanes 
ER ent 5 + Rr ap* Ke t } Paving allowance, 25 pounds per square foot 
1 ), Es Modified formulas 
“Ss | Area of tension reinforcement 
SLAB SPAN = S$ i d i 1.25 inches for bars °s inch and unde 
A ~ ) ryy - . 
” d— T—1.50 inehes for bars over ®, inch 
All bars to be hooked at ends 
Yead -loac Unit S 
Slab Slab Bar space, poten e 
‘ ’ wh or} Bar size center- - Mi1.0+T7 Mi : Pp 
} Spans depth v to-center ws 
s I, 
Feet Inches Inch Inches Ft.-lb Sq. in Lh./sq. in Lt 0 
} 2 | 6.5 i 5.0 3, 20) 0.47 0.0075 0. 344 0. SS6 Is, O50 7™ 
| 3 7.5 ~R 6.5 4, 40 7 OOT6 $45 SAS Is. 100) si) 
4 8. 25 eK 5.5 5, 000 67 _ O80 LAS KAD 17, 900 S10 
5 9.0 sk 5.0 7, 060 74 OOTY Hy | SAS 17, S00 SOK) 
| 6 9.75 sR 4.5 8,110 a2 OOSO 553 SNL 17, 200 TSO 
7 10.5 eh 4.5 ¥, USO 82 (wr4 $42 ANI} 17, yoo vi 
7 11.0 GR 6.0 ¥, 940 xs OOT7 447 SS4 Js, 200 S10 
v 11.5 aR 5.5 10,770 rh OOSD 3 SAL 17, 650 SON) 
10 12.0 aR 7.0 11, 520 1. 03 OOS2 sth SSI 17, 300 7) 
11 | 12.5 sR 7.0 12, 210 1.03 OUTS 4u SM 17, 900 SOO 
12 13.0 %R 6.5 12, 900 111 OOS0 353 SAL 17, 400 Tuo 
| 13 13.5 eR 6.5 13, 520 11! O77 347 xS4 17, 950 SOO 
| 14 14.0 %R 6.0 14, 060 1. 20 OOSO0 353 SANZ 17,150 7S0 
| 15 14.5 7, R 6.0 14, 610 1, 20 0077 47 SM4 17, 700 7) 
16 14.5 «Rk 5.5 15, 100 1,31 OON4 0) SAC) 17, 300 S10 
17 15.0 eR 5 15, 550 1.31 OOS 1 4 SA2 17, 800 S10 
| 18 15.5 l R 7.0 16, 000 1.35 OONO 3%} SAL 17, 900 S10 
19 16.0 1 R 6.5 16, 440 1.45 OOSS sAS xs | 17, 200 SUK) 
| a) 15 | i 6.5 16, 800 145 (OSD) ik SAL W700) S10 
21 17.0 1 R 6.0 13, 100 17, 180 1. 47 OON4 sei) ASU 17, 000 oF) 
>» Wh ! ¢ ou 14,770 7.40 is +h SS] 17.40 st) 
Ih Ist) 1 { “0 16, 530 7 So 1. 53 my 5 | SAL Is. OO) S10) 
| a4 Is j R a) Is. 430 Is, 170 17} WON i) SNt) 17, 2UM st) 
| or wo l K 5.5 20, 000) Is, 450 ee OUSL a) SAL 17, 7 SLO 
| 


im 


IS, No 
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TABLE 15.- 


CONCRETE BRIDGE FL 











Design mome 


PUBLIC ROADS 


nts, dimensions 


«| i 
| . 
| < } | ! 
{ a Ne tee ee ee ey ee o: | ! } 
+ - - _ + 
NX, | 
| 
LAE PAN + 
’ Dead-load 
Slab Slab Bar Bar space, > sche 
pan depth, pe center- WSs nin V{i.04] 
S r , to-center . 
Feet Inches Inch Inches Ft Ft 
2 6. 5 lo R 5.0 »/ 3 25 
} 7 sR 6.0 “) 1,64 
; s sR 7, S40 Wt 
12 CR ( 600 y 
t 7 ak 4 sud ye 
10 CR 60 2650 », OI 
s 10 RR § oo , O4 
} 2. 0 aR ) IK) 0, 771 
0 12. § ak 7.0 2, Su 2 
, 0 a R 7.0 600 2.9 
2 13.0 sR 6.0 P81) 12 
13 « K 5. § Ai) 13, 52 
' 140 re i t ) 4, 
1 » R r 2M 1 ¢ 
' a Lk a ~ 40 iT 
1h ( lf 0) 
s lt hk t sf) 1), OM 
7.0 Ik ‘ s . 446 
20 17.5 IR tf M) 6, SOM 
y Ik 0 ik “0 f 4( 7. SO 
22 IS K 8, SO 7, od 
23 100 LR 20. 67 7. Ra 
24 1W a 22, Oil s ( 
0 = i) s.4 
See table 2 for reinforcement transverse to main reinfor er 1 le 
7S is used here to denote square bars 
| ABLE 16. De sign moments, GdiMENSTONS, And Ve 
N ONCE F RR A k ' 
™ be AN L N Rt t 
A As. } 
~ i ‘ 
» oe er oer CREED a ot —~— 3 ¥ ; 
p- Mee oD ee D  -  } t 
aieuans . WE te | — * 


-— 


Spans 2 to 3.5 feet, inclusive, 
spans 4 to 10 feet, inclusive, A’, 


Slab span 


Slab 





4’. 1,, bar 


U 


Dead-load 


Bar space, moment 


Bur center-to- W 





S depth T center 7 
10 

Feet Inches Inch Inches Ft.-lb 
2.0 5. 75 ly R 5.5 40 
2.5 5 R 8.0 60 
3.0 5, R 7.0 100 
3.5 54g R 6.0 130 
4.0 sR 6.0 180 
4.5 53 R 5. 5 240 
5.0 5, R 310 
5.5 5, R | 380 
6.0 542 R | 460 
6.5 5 R 550 
7.0 4, R 660 
76 5gR 780 
8.0 § 5g R 920 
R45 9. 75 %R 1, 060 
9.0 9. 75 3% R 1, 190 
9.5 10.0 aR 1, 360 
10.0 10. 25 %R 1, 530 
11.0 10.5 ™%R 1, 890 
12.0 11.0 ¥%R : 2, 340 
13.0 11.5 1% R b. 2, 860 
14.0 11.5 %R i 3, 310 
15.0 12.0 %R 6.0 3, 940 
16.0 12.0 1R 7.5 4, 480 
17.0 12.5 1R 2. § 5, 230 








| See table ‘ 


to 


is 


not bent 


Ay, bars bent 





h 


PP DPAANN > 
e te 


, 900 
10, 490 
11, 050 
11, 580 
12, O80 
12, 550 


13, 000 


Ve OOS 


s, 
9, 


310 
790 
300 
790 
790 
S30 
13, 910 
14, S9U 
16, 020 
17, 030 
18, 230 


9, 
10, 
10, 
Mi, 


12, 





ore 


Cor 


Controlling conditions 
H-20 loading. 
Case I 


and reinforcement for the following conditions ! 


parallel reinforcement. 


Freely supported slabs 


All truck lanes. 
Paving all 

Modified formulas 
A Area of tensio1 
a 
d 





50 
he 


{ 4 { 
t (Ss t 
t } 
j " { 
s OS 
RR OS 
‘ WS 
OS 
18 » 
j (6 
{ s 
ON ( 
s ( 
4) f 
in 
s . 8 
I t re t 
emen OF staods a tiie tollo 


itrolling conditions 
H-20 loading 
Case I—parallel r 
Slabs continuous 
50 percent end restraint 
All truck | 
Paving allowance 25 } 
Modified formulas 
he Area of tension re 
1’,= Area of compression 
d= T—1.25 
ad ‘i 1.50 





All bars to be hooked at « 
i, 

) 13 0. OORD ) ( 49 
i 0077 Oo 14 
f OO84 IN +f 
Ol O00YS 27 + 
61 OOSS5 250 ( 
67 0089 240 
67 0086 231 349 
‘4 0091 99 RAE 
74 OO8S8 214 + 
RZ 0094 207 RF 
82 0091 200 252 
SZ 0088 4 4S 
4 0083 x 540) 

ss OOSY 1s2 348 
YO 0097 182 5Q 
YO 0094 177 4 
06 0092 71 351 
03 0095 ( 356 
03 0090 8 348 
ll 0092 ( 50 
20 0100 ( s50 
20 009. 4 4 
26 0100 14 358 
26 0095 Lf 352 


for reinforcement transverse to main reinforcement and table 9 for edge support requirement 


reinforcement. 


54 inch. 


Unit stress 





f 
‘ 
Lh./sq. in Lb./sq. in 
RSE 18, 200 795 
RS 17, 250 790 
SN4 17, 5CO 775 
RR4 AAO 780 
SAD 600 SUL 
ss 7.700 S10 
SSO) 17. 300 S10 
SS 17, 500 775 
S84 17, 250 770 
RRA 18, OF 785 
&7R 17, 000 810 
S7f 16, 200 SOO 
RTS 16, SOL SOD 
SRI 17. 400 810 
SS 17, 550 810 
R74 17, 000 SOS 
SS2 17, 100 780 
884 17, 800 795 
SS 17, 100 785 
SS 17, 650 795 
RS 16, 800 790 
SS 17, 500 SOO 
SS 18, 100 810 
SS 17, 500 S10 


ing conditions ! 


nioreement 


] 


ls per square foot. 


( 


nforcement. 


reinforcement. 


nches for bars &% inch or under. 
nches for bars over % inch. 


Unit stress 


nds. 
f, 
Lb./sq. in. 
0. 878 17, 600 
. 877 18, 000 
S68 17, 900 
. 862 17, 200 
. 872 17, 700 
871 17, 200 
873 18, 200 
871 17, 250 
873 18, 000 
870 16, 900 
872 17, 400 
874 17, 900 
877 17, 800 
875 17, 500 
. 871 17, 000 
874 17, 300 
875 17, 600 
874 17, 500 
878 17, 900 
879 17, 100 
875 17, 000 
878 17, 300 
877 17, 600 
879 18, 000 


Lb 


allowance, 75 pounds per square foot. 


1.25 inches for bars % inch and under. 
nches for bars over 


hooked at ends. 
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TABLE 16. 
Slab Slab 
su 
span S depth 7 Bar 
Feet Inches Incl 
18.0 13.0 IR 
19.0 13.0 R 
20.0 13.5 ik 
21.0 14.0 IR 
22. 0 14.0 IR 
23.0 14.5 ik 
24.0 15.0 IR 
5.0 15.5 kK 
PABLI 


REINFORCED CONCRETE 
3 OR MORE 


Design moments 


BRIDGE FLOOR SL 
SUPPORTS AND CONTINUO 


PUBLIC ROADS 


dimensions 


Dead load 


Bar space, moment 
Ws: 





center-to 101.0 

center a 

Inche Ft.-lt Ft.-lt 
7.0 6, O70 13, 440 
6.5 13, 840 
6.5 14, 230 
6.5 14, 580 
6.0 14,910 
6.0 15, 280 
6.0 15, 600 
“0 13. 680 15, 900 

17 Design moments, dimensions, 


ABS BU 
US OVER 2 OR MO 


LT MONOLITHIC WITH 
IRE PANELS 


, 














a 


2 to 3.5 feet inclus 


Spans 
Spans 4 to 10 feet inclu 





Slab Slab Bar 
span S | depth 7 lea 
Feet Inches Inch 
»() 5.5 R 
2.5 5.75 2K 
0 6. 25 aR 
3 6 sR 
1.0) 6. 75 sR 
1.5 7 «R 
5.0 7.2 sR 
5 5 7 5 ® K 
6.0 7.75 eR 
6.5 s.0 oR 
7.0 8. 25 «Rk 
7.5 8.5 «R 
x0 8. 75 aR 
- 00 4 
9.0 9. 25 «Kk 
9.5 9.5 ,RkR 
10.0 9. 75 ak 
11.0 10.0 aR 
12.0 10.5 4 
13.0 11.0 eR 
14.0 11.5 “eR 
15.0 11.5 a R 
16.0 12.0 7™R 
17.0 12.0 LR 
18.0 12.5 1R 
19.0 13.0 LR 
20.0 13. 0 1R 
21.0 13.5 1R 
22.0 14.0 1K 
23.0 14.0 IR 
24.0 14.5 LR 
25.0 15.0 1K 


| See table 2 for reinforcement trar 


Case ILI. 


the design of reinforced concrete bridge floor slabs with 
main 
traffic. 

The 1935 specifications of the American Association 
of State Highway Off 
follows: 


reinforcement 


Modified formulas will 


transverse 


cials will be used, 





Swany go NS 


aa 





ive, bars not bent 
ae, Os 1,, bars bent as show! 
Dead load 
Bar space | moment 
‘ centex-to Ws? VT0.0+47 
center 10 
Inches Ft.-lt Ft.-lb 

6.0 40 2, 080 
5.0 60 2, 560 
7.5 oO 3, 080 
7.0 130 3, 470 
6.5 170 3, S00 
6.5 240 4,310 
5 5 MK) 4,720 
5.0 HO 5,110 
50 $40 5, 500 
5.0 0 », SOO 
4.5 64a t r2) 
4.5 740 6. 600 
4.5 SOO 6, 430 
4.5 9v0 7, 270 
4.5 1, 140 7, 0 
6.0 1, 300 7, 800 
6.0 1,470 8, 180 
§. 5 1, 820 8, 770 
7.0 2, 250 9, 330 
7.0 2.750 9, 830 
7.0 3, 310 10, 330 
6.5 3, 800 10, SOO 
6.0 4,480 11, 270 
7 5, 060 11, 700 
7 5.870 12, 090 
7 6,770 12, 490 
7.0 7, 500 12, 850 
7.0 8, 550 13, 200 
6.5 9, 680 13, 570 
6.0 10, 540 13, 900 
6.0 11, 870 14, 210 
6.0 13, 280 14, 500 


verse to main reinforcement 
also be 


to the 


, and re inforcement of 


eo 


applied in 


direction 


modified as | 


\J 1 , d 

Ft.-lb. Sq. in 

14, 510 13 0. OOS 0. 130 
20, 610 1.45 O1O5 130 
21, 950 1. 45 O101 12 
23, 400 1.4 OOUT 120 
24, 590 1. 57 0105 120 
26, 180 1. 57 0101 11 
27, 840 1. 57 0097 111 
29, 580 1. 57 0093 10 


and reinforcement of slabs for t/ 


Controlling conditions 
H1—20 loading. 
Case | 
Slabs monolithic. 


A Area of tension reinforcement. 


slabs for the following conditions 


4 Oo. SSO 
i S7S 

7 S7U 
342 SA 
61 SS) 
au SS] 
sl SS4 
$46 SA] 


Vol. 18, No 


Continued 


(nit stress 


Lb./sq. in Lh./sq. in 
17, 200 7TS5 
16, 900 SOU 
17, 200 7¥ 
17, 600 70 
17, 100 SU 
17, 500 SOU 
17, 800 SOO 
18, 200 SO) 


follo ving conditions ! 


parallel reinforcement. 


75 percent end restraint. 


3 pounds per square foot 


i's Area of compression reinforcement. 


i 
K All truck lanes 
t Paving allowance 2 
Modified formulas 
i= T—1.25 
d=T-1 
All bars to be ho 
\I; : 
Ft.-lt . 
2 120 0.34 0. 0O76 
2, 620 47 . OOS7 0 44 
120 44 OOS2 1M) 
, oo 0O0Os4 286) 
4,000 d OOS6 Zia 
4, 550 57 OOTU nae 
OLO 67 Oous 20 
470 a4 OOUS 240 
O40 74 OOUS 231 
6, 390 74 (O0T 222 
6, 850 s2 OUT 214 
7, 340 s2 (Oud Ni 
7, 790 x2 ool AM) 
&, 200 s2 OOSS 104 
S& 7OO s2 O08 ISS 
4, 10 SS . 0092 INS 
4 640 SS OUSY s. 
10, 590 ut OOU4 177 
11, 580 1.03 O0a5 67 
12, 580 1. 03 0090 158 
13, 640 1.03 OOS6 150 
14, 600 1.11 Oo 150 
15, 750 1. 20 OO95 143 
16, 760 1. 26 0100 143 
17, 960 1. 26 0095 13 
19, 260 1. 2¢ 0091 130 
20, 350 a O09S 130 
21, 750 1. 35 0094 125 
13, 250 1. 45 (097 120 
24, 490 1. 57 0105 120 
26, O80 1. 57 O1Ol 11 
27, 780 1. 57 OOYT Lil 


ind table 9 for edge support requirement 


as shown in tapble 18 
of Unit stresses: f’, 
square inch; n=12. 
Live load: 


5 inches for bars 
50 inches for bars 
ked at ends 


4 0. S85 
359 S72 
$4 S72 
446 SON 
BS S72 
il S77 
61 SOS 
367 . SoH 
wl . SOS 
855 S71 
63 SHS 
tos .S70 
353 S72 
445 S74 
343 S77 
B53 S73 
S48 875 
34 S74 
S56} S74 
4458 S7S 
$41 SS2 
350 S7Y 
553 878 
358 877 
352 S79 
446 SZ 
S44 SAU 
is SS4 

2 SSS 
iH] SAL) 

) bata | 
S51 SS4 


Live-load moments computed by 


3,000 a, per 
f,=18,000 pounds per square inch; 


5 inch or under 
over 


* inch 
I re 
Lh ] 

17, 300 t 

17, 000 ) 

17, 500 770 
17, 900 ”) 
17, 800 S10 
Ls, O00 TSO) 
17, 300 S10 
16, 500 Tw 
17, O50 SO5 
17, 700 ALO 
16. Ow So 
17, 100 ") 
17, hw) ”) 
17, 000 5 
18. BOO ; 
17, WOO It 
18, 200 S10 
17, S00 S10 
17, 100 TRH 
17, 30 780 
18, O50 7SO 
18, 000 SOS 
17, 050 7S0 
7, 400 R05 
17, 700 SOO) 
18, 100 7M5 
17, 950 S10 
18, 200 S10 
17, 500 TUO 
17, 100 Tuo 
17, 400 SO) 
17. SO) minK) 


square 
S00 pounds ) 


FT-15 and 77-20 truck train loading 


modified formul: 





4 
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Summary of modified form ilas for case I] Svmbols are defined as follows: 
S= Effective design span in feet. 
Live 1 moments (in foot-pounds per foot WW’ Dead load per square foot of slab. 
iat he load P—Wheel load=12,000 pounds for //-15 and 
16,000 pounds for 7-20 loading. 
50 
' 125+S 
XY taney \7— Maximum live-load moment. 
0 Ml i M/ a s AT1.0+-] Live load-— impact moment. 
stati \/,— Design moment= Dead-load moment 
71.04+-7 
Mm yg 0.035 P M=— 4 —0.035P " \ll moments are in foot-pounds per foot width of slab. 
0.035P | M Sn agp || For values of live-load moments in foot-pounds per 
a ) foot width of slab by above formulas see tables 19 and 
2) 


/ Impact lactor 


0.0525P Ma =09.0525P |) a For design moments, dimensions, and reinforcement 
VI PS o.0se5p| MM PS eect of slabs for case II see tables 21 to 24. 


S ) < i 
{ \/ rv5 0 P Vy ie Be ] 
64 4 
PP? \ 
f PS 0.07P \l I pP 

S U S { 

‘ ad moments in foot pound pe foot } TABLE 20 l f ent ? f 101- POUNAS per foot width of slab 
lab 

utrolling condition H—20 loading 
[1-15 loading. P=16,000 pou 


Case I] transverse reinforcement Mod 


P- 12,000 pounds Case I|]-—transverse reinforcement 
Modified formulas Freely suppe 


lreely ipported Ssiat continuous 

Slabs continuous Sia , mnolit 

Slabs monolithic estra | 
1] dn 

| iy restrained 


Slabs mono 
( | } () per lithie 75 per 1 
; Si a ee neh , : Fully restrained 
1 ) percer 79 percent end Fully restr ‘ . : : - CORS Oeee =e 
end restraint restraint 1 raint 











et 
en { 10) R70) 3) ) » 2 ) 4 2 } s 2. 450 1, 500 2, O8O 1, 230 
70 » TA) 0 2 160 $40) eg 1 129 F 2 2 | 2,¢ 2,0 2, 870 1, 780 2, 480 1, 505 
ul ) i( » 420 l “ ? ny 21 wy m ; SS 2 30 , 040 2,840 1, 760 

} 2 a ? 670 0 2. 3s 14) yt 2 10 2, 270 3, 150 1, 985 
100) 160 O70 2 97 Si 2 Fini ‘ or j ss 830 2, 480 3, 440 2, 200 
) ” tm™) ) ssi) s oF ? ot 4 R 4 230) 2 ¢ 0 > 840 2 497 
10 4030 | 2 406 10) 2 Osi) 2" 161) 9 (7 > o ( 1 he +, 600 4,210 2, 765 
‘ { uw) GOD 7) 1s0) 130 2 9 0 2 4 s j ( i “ 4, 970 4, 580 3, 028 
250) } ) 2 SHO m0 » 650 , H60 2 440 t Ss) t, JOU Se 3, 280 4, S9O 3, 250 
4 70 , O40 +, UK 2 830 , GOO » 618 , ¢ ‘ sy +,‘ A 200 3, 490 
1, UN ”) 1, 400 2 YSU } 0 2 770 s 4,82 SSU », 490 3, 690 
s 0 1.610 0) 1 320 2 1 () 130 6, 160 770 3, 900 
sO) Aw 1. S00 , Det) { 0 2 O70 1 2v 5 { ‘ t 6, 400 6 020 4, O90 
on H0 630 4, W00 5 420 1, 700 , 0) 1.4 S 4,8 6, Of 6, 270 4, 270 
it) 20 ; 4) 1 , 40 1. SOO 40 } ) y Wy 6, 430 4, 450 
sO) ww) SNU) ,20 , TO O40 450 j ) sf 6, 710 4, 600 
110 6, O40 , GO) 170 3 TSU _ SO , STO 1, SU0 U.U v SS 8 6, 900 4, 760 
EXTERIOR SPANS EXTERIOR SPANS 
THO 2 450 40 130 1,57 922 1, 28 20 0. 394 9 34( * s 2. 480 1, 500 2, 090 1, 230 7 
u70 2 740 1. 550 1. 340 1. 865 1.129 1.47 9 99 2 621 ( 2.0 2,870 1, 780 2, 480 1, 505 = 3 
Ho , OO 1.740 q 1, 530 2 130 1.318 1,83 . 0 1g 2, SRI j 9, 32 5, 230 2, 040 2, 840 1, 760 2, 4! 
40 , JO 1, Y20 2 670 1.710 2 380 1. 440 2 O70 , {00 ; ( $4,320 9 ) , 540 2, 270 a. 1, 985 » os 
140) , 460 2? O70 2 875 1, S60 2 ASO 1. 650 2, 200) 10 {eS , 320) $610 2. 760 5, 830 2, 480 2, 200 3 

> 640 , 660 | 2.290 3, OSO 2 O10 2.78 1, 800 2 44 } INE 3 ARO 1880 2, 960 4, 100 2, 680 2, 400 3, 35 
SU S850 | 2. 360 4, 270 2 150 » OS) 1,040 » 6s 0 sw 710 4( 0 4, 36K 2,870 2, 587 3,4 
WK) $010 > 4s0 , 430 » O70) 3 140 2 O10 2 S50 383 , STO 0 0 4, 580 3, O30 2, 747 3, 
oOLo 1 160 2 AO ss) 2 380 , 2U0 2 170 , OOO 6.0 {xD 1 (2 {) {HO 4, 780 4, LSO 2, 890 3, $ 
110 4, 240 640 0 {s0) 120) 2, 270 l t sv) 4 ( 0) 5Y¥0 4, YHO 3,310 3, 026 4, 

, MM) 4410 TSO , 0) 2 570 , 40 2, 360 5, 20 7.0 Th ‘¢ SUL) 0 5, 120 4, 430 3, 148 _ 
200 4, 530 » STO , “50 » A680 + 660 » 450 + 370 7 77 1, 380 6, 030 5, R20 5, 260 3, 540 3, 267 4,5 
wou 1, 620 2 O40 $050 2 730 , TAO » 520 , 470 s.0 ‘7 4, 480) t HO 120) 5, 400 3, 640 3, 360 4,6 

440 1, 730 $, O20 4,150 2 SIO } SOO » 500 S60 s 57 4, 580 6, 300 $, 020 5, 530 3, 740 3, 450 4,7 
0) 1,810 ~OS0 41, 230 2 S70 , 40 2» 660 , 650 G.0 373 4, 670 6, 420 } 0 5, 640 3, 830 3, 548 4, 
560 4, SSU 140 4,310 2 O80 1, 020 5, 740 ) 172 | 4 0) 6.520 } 4,190 . 750 3, 910 3, 625 as 

+ 620 1, WHO 5 BOO 4, 380 2 O40 4, 100 2,770 STOO 0.0 0 1, 820 i 4, 260 5, 840 3, 980 3, 690 5, 
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BEARIN 





Spans 2 to 3.5 feet, inclusive, A’, 
Spans 4 to 10 feet, inciusive, 


Slab 


Feet 


ter 


>» 
wc 


IND re 
uo 


Ses 
a 


COP PNNM As 
—} 


10.0 








Slab 
span, S | depth, T 


Bar size | center-to- 
center 
Inches | Inch Inches 
5.25 | 6R 6. 5 
5.5 I t 6.0 
5.75 | lo R 5.5 
6. 00 R 8.0 
#. 25 R 8. 
6. 25 eR 7.9 
6. 5) R 7.0 
6.0 eR 6.5 
6.75 sR 6.5 
7. 00 5s R 6.5 
7.00 | eR 6.0 
7. 25 5g R 6.0 
7.25 | 5¢R 6.0 
7.25 | 5g R 5.§ 
750 | %R | 5 
7. 50 eR 5.5 
7.75 | 54 RK 5 5 
6. 50 R 7.5 
§. AO i 6.5 
6.75 eR 6.5 
7. 00 54 R 6.5 
7. 25 4g R 6.0 
7. 26 & R 5.5 
7.50 5g R 5.5 
7. 75 5. R 5.5 
7.75 &% R 5.0 
8. 00 5g R 5.0 
8, 25 “KR 5.0 
8. 25 4% R 5.0 


! See tabulation, p 


TABLE 21.- 


155, for reir 


TABLE 22. 


| 
eg Eg Ba, 
| depth T Bar size —_— 
| 
| 
Inches | Inch Inches 
5. 00 “wR | 7.0 
5.25 | %R | 65 
5. eR | 6.0 
5.75 | i4R 5.5 
6.00 %R | 5.5 


Bar space, 


1 
A’,=0.5 


Bar space 


1, bars not bent. 
A’,=0.5 A,, bars bent as show: 


| Dead load | 


moment, 


ws? 


| 


220 
270 
330) 
490 
490 
570 
670 
780 
SS) 
1,010 
1, 160 
1, 280 


A,, bars bent 


| Dead load 
moment 
WS? 


10 


Spans 2 to 3.5 feet, inclusive, A’,s=A,, bars not bent 
Spans 4 to 10 feet, inclusive, 5 
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! 


ee Se ee Sh — 
>a ceding: Diced: Wireline? <atiaiilll aisBamatsins - atrntany: head ' ; 
EXTERIOR NTE R 

S FAR PA 


INTERIOR OR EXTER 
VW(1.0+1 My 
Ft.-lb. I't.-lb Sq. 
1, 870 | 1,910 ( 
2,160 2, 220 
2, 420 2, 510 
2, 670 2, 790 
9 Rep 3,040 
EXTERIOR 
3, 080 3, 290 0 
3, 270 3, 540 
3, 430 3, 750 
3, 580 3, 970 
3, 710 4, 190 
3, £30 4, 380 
3, 950 4,690 
4,050 4,790 
4, 150 4, 980 
4, 230 5, 190 
4 319 5, 390 
4, 380 5, 600 
INTERIOR 
3, 180 3, 400 ( 
3, 450 3, 720 
3, 720 4.050 
3, 950 4,350 
4, 200 4, 690 
4, 400 4,970 
4,610 
4, 800 
4, 990 
5, 150 
f, 220 
5, 470 





orcement transverse to main reinforcement 


Design moments, dimensions, and reinforcement of slabs fo 


Controlling conditions: 


H—-15 loading. 
Case II 
Slabs continuous. 

50 percent end restraint. 
Paving allowance, 25 
Modified formulas. 


Desiqn moments, dimensions, and reinforcement of slabs for the following conditions ' 
. ’ ’ a « - 


transverse reinforcement. 


pounds per square foot. 


A,-— Area of tension reinforcement. 


A* Area of compression reinforcement. 
d= T—1.25 inches for bars 


d=T 


All bars to be hooked at ends 





Controlling conditions: 


as shown 


INTERIOR OR 


M(1.04] 


M, 


Sg 
U 





| See tabulation page 155 for reinforcement transverse to main reinforcement 


EXTER 


H-15 loading. 


LOR SPANS 
\, 
m 
36  W75 44 ). SS6 
+) OO7TE 345 SSS 
4 OOO 0.3 349 S78 
46 OOS82 lf 19 S74 
4 vi iM ‘ SS 
SPANS 
53 OOS 0 { ’ 0. 871 
53 OOS4 2 S75 
7 O90 l S70 
. 0086 ; $72 
7 OO79 261 47 . 874 
61 OOSS . at sv | 
61 OOS Ji i) 872 
‘ OOS , 2h 3m 872 
67 OOGS out 3H SON 
. 67 DOSY 24 i) 871 
f ORD 4 S71 
f OO86 231 349 873 
SPANS 
19 0. 0078 DSF 0. 343 0.870 
7 090 , Use 361 S70 
(KIS 273 543 | 872 
. HORS 261 47 | 874 
OORS 25 0 872 
‘ 093 26 A) | . S68 
t 0OOS9 24 355 | 871 
A7 vOSE 231 349 873 
t O09. 231 61 SOS 
{ ooo! 2 355 S71 
74 OOSS 214 350 oe 
74 . DOSS 214 5D 873 
the follo ving 


5¢ inch or under. 
1.50 inches for bars over % inch. 


Qs0 


7, 500 


PS, O00 


18. OM) 
Ld, tM) 
17, 759 
2) 


600 


7, LOO 
7, 400) 


HOO 


7,000 
17, 200 
17, 900 


conditions 1 


Case I1—transverse reinforcement. 


Slabs monolithic 
75 percent end restraint. 


Paving allowance 25 pounds per square foot. 


Modified formulas. 
i, 
a. 
¢@=T 
d 
All bars to be hooked at ends 


(lOR SPAN 

i, ] l hk 

1 

34 0, OO75 0. 344 0 
+6 0075 344 

ae] OO7E 345 

43 _ 0080 0 349 

43 0075 16 342 


SSE 
SSE 
RAS 
S75 
RY 


Area of tension reinforcement. 

Area of compression reinforcement. 
-1.25 inches for bars % inch or under. 

7 — 1.50 inches for bars over % inch. 


Lo 


Vol. 18, No. 8 


8q. in 
7TS5 
SOO 
x) 
TsO 


7) 


(nit stress 


Lb./sq. in 
17, 100 
18, 000 
18, 100 
, 600 
18, 200 
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DESIGN Zz. Design moments, dimensions, and re njorcement of slabs for the follo ng conditions— Continued 


EXTERIO]I i 























lat t Bar puct Dead load Unit stress 
Slab Sila moment 
. i 7 ent O- Volo \ 
pans depth 7 Isat ( nee WS 1 ] | 
cente “< { Te 
Feet Inches Inch Inches It Ft.-/t / ‘ Lhb./sq. in Lb./sq. in 
4.5 6.00 eh 7.5 mary 2, 785 » Gt 14 ) OOS6 ‘ S58 0.874 17, 600 810 
0 6.2 eR 7.5 650) ? Os0 { 19 0082 ( ( STE 18, 100 810 
) 6 450 ek “ 20) 4, 14 1/ OOR4 Re - S7 17, 100 775 
60 t 4) « KR 6 iSO 200) ‘ O0Ut / fl s7 16, 950 800 
i f » it ( WO ; 0 mh OOK R70 17, 000 775 
mi) 6,7 . R ( 30 rat j ) OOR6G 17, 850 S10 
r oo ek ‘ A320 Hey 1, Or ~ ( j 18, 000 795 
s 0 2 2 R 6.5 1 60 j W 4 4 18, 000 780 
RS 7.92 ~R 6.0 S40 SO ( f 18 872 17, 700 795 | 
0 Sy gk ) +4 5, DAE 1, SS ‘ O09 ( SHS 16, 800 790 | 
GF 4 4) KR Fr 1, OF 41. O41 (y f we a9 16, 750 770 
10.0 0) » F rT 4, 10 ou ( ONY | % 17, 400 S00 
thd i t N 
‘ O. « mw IN 2, Oo » “Te 7 
( 6. Fil Kk v4 160 { j ‘ . STO 790 
6. 50 i ( at 130 d ‘ STO 810 
' t 4 « &t ‘ ) “ ty 7 ~ R72 S10 
t OO .R 6 | 1S/ un 5 38 WRK % 790) 
( » WR if j ‘ 1S R72 Ta 
y K ( t, $21 S68 SO5 
Sf s | t ; s S 795 
s a | Stell 1, 7H ‘ f s s 790 
i . ( ’ } sf s Wy f tate! 700 
; SM ~K { ( “4 ‘ 780 
rf s OO ek iT) 2 » j fl & 810 
PABLE 23 Design moments, dimensions, ar einjorcement of slat the f llo ng conditions 
Controlling conditio: 
}1-20 loading 
Case I] transverse reinforcement 
Slabs continuous 
50 percent end restraint. 
= Paving allowance 25 pounds per square foot. 
74 Modified formulas 
1 Area of tension reinforcement. 
1’, Area of compression reinforcement. 
ad T’— 1.25 inches for bars ® inch or under. 
d= T—1.50 inches for bars over % inch. 
All bars to he } ooke | at eI 1s 
wi 
INTERIOR OR EXTERIOR SPAN 
) j j it< ree 
lab Bar space De d load Unit stress 
ienth Bar antar.4 n 1e1 WiLOL] \f { 
_ ‘ : Ws . 
7 enter - 
lv f, f 
Feet Inches Inch Inches Ft.-lt Ft.-lb Ft.-lb Sq Lb./sq. in Lb./sq. in. 
20 ; kt 5.5 1) 2 480 2 20 0.4 0. OOSO 0 40 STS 17, 800 795 
2 5 6. 00 ak 5.0 70 2, 870 2, 940 17 OOS2 . 316 44 S74 18, 100 810 
0 6. 25 KR 7.0 gO s, 230) 320 53 OOS8S8 (K 54 S67 17, 350 | 790 
3.5 6. 50 R 6 130 540 5 670 0090 ORE 864 17, 000 775 
1.0 6.7 «kK 6.5 170 830 4, O00 ] 0086 2 5 872 17, 550 800 
EXTERIOR SPANS 
{ 7. 00 » kK ( 230 4, 100 4, 330 0.57 0. OOS3 of 4 ) S74 ] 800 
0 y 2 ak 6.0 200 4,360 4,650 t 0085 DF 50 872 | 785 
1. 5 7.2 sR . 5 350 | 4,580 | 4,930 67 0093 25 f 868 | | 800 
6.0 7. 50 eR ) 430 4,780 5, 210 67 0089 24( 55 871 j 785 
6.5 | R . 5 920 4, 960 5, 480 A7 0086 9 349 873 | | 770 
7.0 7.75 eR > 5 600 5, 120 67 OOR6 9 19 873 | 810 
7.5 7.75 | sR 5.0 690 5, 260 | 5, 9% 74 0005 6 f 868 | | 805 
s 0 &. 00 | aR 5.0 S00 5, 400 6, 200 4 009 227 55 871 | 7R5 
8. 5 8.00 | eR 5.0 900 5, 530 | 6, 430 | 74 009) 222 55 871 | l 810 
4 0 | & 25 eR 50 1, 040 5, 640 6, 680 74 OORR 914 0 873 17 795 
v.45 & 50 ER 50 | 1, 180 | 5, 750 } 6, 930 i OO85 2 455 87 17, 700 780 
10 0 s. 50 sR i 1,310 5, 840 } 7, 150 S2 0004 58 S70 16, 600 770 
INTERIOR SPANS 
| ia | 
4.5 7. se RK 6.0 230 4, 230 0. ¢ 0. 0OS9 ) 87] 17, 55€ 810 
5.0 7.2 eR QU) 4, 600 67 0093 250 61 SOS 16, 800 790 
». 5 4. 00 sk 5 | 360 1,070 67 OOR9 240 a5 871 17, 500 800 
6.0 4.4 sk 5 440 280 | 67 0086 Z 19 873 18, 050 805 
6.5 8. 00 = f 5.0 | 300i 590 | j 0091 222 355 871 16, 900 775 
7.0 8. 2 eR } 50 | 630 S80 74 0088 914 5) 873 | 17, 250 775 
7.5 8. 25 sR 4.5 720 6, 160 SZ 0097 «14 365 S63 16, 600 790 
8.0 & 50 | eR 45 | 840 6, 400 so 00904 7 5 870 | 16, 800 780 | 
8.5 | 8.75 ER | $5 970 6, 660 82 0091 | 200 ; 872 | 17, 050 775 
90 | 8. 75 | eR 4.5 | 1, 090 | 6, 870 | 82 | OO9L | 200 3 872 | 17, 800 810 
9.5 9.00 | eR 4.5 | 1, 240 7,100 | 82 | 0088 | 194 48 875 17, 950 800 
10.0 9. 25 sR 4.5 j 1, 410 | 7, 290 Se 0085 188 43 877 18, 100 790 








! See tabulation p. 155 for reinforcement transverse to main reinforcement. 








Spans 4 to 10 feet, inclusive, 





t 





“IsESINIsastsis) 


ATs 





PW WOO MH sss S| 
sons de * es 


1’, 


A’ 


Inches 


6. 


6 
6 


6 


Bar space 
center-to- 
center 


0 
0 


0 


it tr 


Pt-lt 


A,, bars not bent 
5 bars bent 


Dead load 
moment 


ws 


$0) 
60 
wa 
130 


220 
280) 
R50) 
120 
500 
580 
690 
st) 
AN) 
,010 
160 
1, 280 


220 
ont) 
340) 
431 

520 
610 
720 


S40) 
1, 060 


1, 210 


1, 380 


ton 
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hown 


INTERLOR OR 


1(1.0 


} 


2, 000 
2, 480 
2, 840 
, 150 


140 


3,840 
4,210 
, 580 


nforcement 











Design moments, dimensions, and reé inforcement of slabs for the fo 


Controlling conditions 
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The following examples of slab designs are given in 
order to illustrate the application of the modified for- 
mulas and tables advanced in this analysis. 

Evample 1.—-Required: To design a bridge floor slab 
of uniform thickness, providing a 24-foot clear roadway 
for J7-15 loading, with main reinforcement transverse 
to the direction of traffic. 

The size and spacing of the supporting stringers will 
depend on the bridge span and for this example are 
assumed to be as shown by figure 13. The stringer 
flanges in figure 13 are assumed to be 12 inches wide. 

The effective design span S is shown by the figure | 
at the top of table 21 to be the clear span S’ plus total 
slab depth 7, or S=S’+ 7. Trial slab depths for the 
above spans are shown in table 21 for 50 percent end 
restraint to be 6% inches for exterior spans and 7 inches 
for interior spans. 
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FiGgurRE 13.—BRIDGE SPAN AND SPACING OF STRINGERS ASSUMED 


FOR EXAMPLE 1. 


Using the above trial slab depths and solving for 
the effective design span S results in the following slabs: 

Exterior spans: S=(6 feet)—12 inches-4 
5 feet 6% inches. 

Slab required from table 21: 7==6', inches and AA, 
*-inch diameter bars at 6.5-inch centers=0.57 square 
inches. 

Interior spans: S 
inches=5 feet 1 inch. 

Slab required from table 21: 7 


6% inches 


(5 feet 6 inches)—12 inches+7 
6's inches and JA, 
0.57 square 


*-inch diameter bars at 6.5-inch centers 
inches. 

Reinforcement required in the bottom of the slab 
in the direction of the y-axis, from the tabulation on 
page 155: 
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The Seventeenth Annual Meeting of the Highway 
Research Board of the National Research Council will 
held in Washington, D. C., Tuesday, November 30 
to Friday, December 3, 1937. Reports on highway re- 
‘arch investigations will be presented. This year the 
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Middle half of slab span: 
0.37 square inches= %-inch 
centers. 

Outer quarters of slab span: 1, 
0.27 square inches 
centers. 

Where stringers are of uniform spacing and the slab 
is of uniform thickness the design of the slab is deter- 
mined by the requirements for interior spans. 

In the design of bridge floor slabs for case I], where 
the slabs are monolithic with the supporting beams, 
the procedure is similar to that followed in example 1 
except that the clear span between supports is used as 
the design span of slab. 

Example 2.— Required: To design a bridge floor slab 
of uniform thickness providing a 24-foot clear roadway 
for J7-15 loading, with main reinforcement parallel to 
the direction of traffic 

It is assumed that the slab is supported on at least 
three I-beams, the beams having flanges 12 inches wide 
and spaced at 15-foot centers. 

Under the conditions assumed above, it will be found 
that the effective design span is 15 feet and for this 
span, table 12, 50 percent end restraint shows the 
required slab thickness, 711 inches and the main 
reinforcement 4,=1.03 square inches= ‘s-inch diameter 
bars at 7-inch centers 

Reinforcement required in bottom of slab in direction 
of y-axis, from table 2: 

Middle half of span: 35 percent of 1.03 square inches 

0.36 square inches .-inch diameter bars at 10- 
inch centers. 

Outer quarters of span: 25 percent of 1.03 square 
inches 0.26 square inches *-inch diameter bars at 
14-inch centers 

Table 7 shows that for a 15-foot span, with 50 per- 
cent end restraint, the edge supports must provide for 
live load plus impact moments 1/,(1.0+J/)=29,280 
foot-pounds. To this live-load moment must be added 
the dead-load moment of edge support and the design 
then completed as for an ordinary concrete beam. 

It will be found that generally a properly propor- 
tioned curb and that section of the floor slab directly 
below the curb, with proper reinforcement, will together 
provide an edge support of adequate strength. 


A,=65 percent of 0.57= 
diameter bars at 10-inch 


45 percent of 0.57= 
.-inch diameter bars at 1314-inch 


formal meeting of the Board will be interspersed with 
open meetings for informal discussion of pertinent 
topics. A program of reports is to be announced in the 
near future. 
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